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The Canadian Entomologist 


Vol. XCIII Ottawa, Canada, May 1961 No. 5 


Catalogue of the Distribution and Ecological Relationships 
of North American Hydracarina 


By Rosert M, Crowetr 


St. Lawrence University, Canton,. New York 


The literature on the Hydracarina, or water mites, especially on the North 
American fauna, is widely scattered in many journals. The papers of Koenike (1895 
and 1912) and Wolcott (1898-1905) represent the earliest comprehensive works on 
American water mites. The papers of Marshall (1903-1946) list many species, but 
are not summarized. Mitchell (1954), whose check list represents the first modern 
attempt to examine the extent of work on North American water mites, lists 291 
species which had been reported from this continent at that time. That paper is based 
primarily on those species in the collection of the Chicago Natural History Museum. 
Habeeb (1959) lists 446 species and subspecies, but in the absence of annotations some 
of the listings remain questionable. 

The present catalogue represents an attempt to bring together published data 
concerning all the species that have been reported from North America. The order of 
presentation of families follows that of Viets (1956). Genera (and subgenera) and 
species are alphabetized within families. 

Each entry is annotated. Distributional records within North America are credited 
to the earliest published reports insofar as it has been possible to determine these. 
Distributional records outside North America are generally referred to a recent 
summary publication. Records which have been questioned in the literature are 
preceded by an interrogation point, except in the case of certain categorical rejections. 
In the host list of the Unionicolids no atte mpt has been made to determine synonymy 
of the mollusks listed by various authors. 


Hydrovolziidae 


Hydrovolzia gerhardi Mitchell, 1954 

Range: U.S.A.: Illinois (94) 

Habitat: Seepage areas; moss and algal mats (94) 

Parasitic stages and hosts: Larva on Microvelia americanum Uhler (94) 
H. mitchelli Habeeb, 1955 

Range: Canada: New Brunswick (16;22 

Habitat: Shaded pool amidst moss (Chiloscyphus) (16;22 


Hydrachnidae 


Hydrachna baculoscutata Crowell, 1960 
Range: U.S.A.: Ohio (14a) 
Habitat: Lake, woodland pools (14a) 
H. canadensis Marshall, 1929 
Range: U.S.A.: Michigan, Wisconsin (90) ; Canada: Manitoba (73); Ontario (90) 
Habitat: Ponds (90) 
H. conjecta Koenike, 1895 
Range: U.S.A.: Connecticut (50); Canada: Ontario (73) 
Europe, Asia (106) 


321 





. 
322 


H. 


H. 


H. 


H. 


H. 


H., 


H. 


H. 


H. 


H. 


H. 


H. 


—~ 


I 


~ 


THE CANADIAN ENTOMOLOGIST May 1961 


crenulata Marshall, 1930 
Range: U.S.A.: Michigan, Wisconsin (90); ? Tennessee (36); New Mexico (2); 
Pennsylvania (11d); Canada: ?British Columbia (76); New Brunswick (16) 
cruenta Miller, 1776 
Range: U.S.A.: Maine, Michigan, North Dakota, Wisconsin (90); California 
(88); var. diminuata Connecticut, Wisconsin (90); Pennsylvania (11d); 
Canada: Alberta (73); Ontario (90) 
Europe, U.S.S.R. (110) 
Habitat: Permanent ponds and lakes (90); thermal spring in France, 46°C. (70) 
geographica americana Lundblad, 1934 
Range: U.S.A.: Connecticut (50) 
hesperia Lundblad, 1934 
Range: U.S.A.: Michigan (50) 
Habitat: Lakes (50) 
hungerfordi Lundblad, 1934 
Range: U.S.A.: Michigan (50) 
Habitat: Creek (50) 
hutchinsoni Lundblad, 1934 
Range: U.S.A.: Connecticut (50) 
Habitat: Pond (50) 
magniscutata Marshall, 1927 
Range: U.S.A.: Connecticut, Indiana, Michigan, New Jersey, Ohio, Washington, 
Wisconsin (90); Pennsylvania (11d); Rhode Island, New York (Crowell, 
unpublished notes); Canada: Alberta, Ontario (90) 
Habitat: Temporary and permanent ponds, lakes; in mats of Cladophora and 
Myriophyllum (14) 
Parasitic stayes and hosts: Larva and nymph (14); Belastoma flumenium Say, 1832 
(90); Notonecta undulata Say, 1832, Arctocorixa sp., Ranatra sp. (14) 
Notes: Blue specimens (69); Red and green specimens (14); Oviposition in 
galleries of Potamogeton richardsonii (Bennett) Rydberg (90) 
marshallae Lundblad, 1934 
Range: Canada: Manitoba (50) 
Habitat: Pond (50) 
microscutata Marshall, 1929 
Range: Canada: Ontario (73) 
Habitat: Pool (73) ' 
Note: Known from a single female specimen (73) 
miliaria Berlese, 1888 
Range: U.S.A.: Connecticut, Michigan (50); California, Colorado Illinois, 
lowa, Nebraska, Texas (88); Wisconsin (90); New Mexico (2); Pennsyl- 
vania (11d); Canada: British Columbia (90) 
South America (50) 
Habitat: Bogs (90) 
mystomirabilis Habeeb, 1954 
Range: U.S.A.: New Jersey (21) 
Habitat: Swamp (21) 
rotunda Marshall, 1930 
Range: U.S.A.: Illinois, Wisconsin (90); Ohio (14); Pennsylvania (11d); 
Tennessee (36) 
Habitat: Ponds (90); Heteranthera and cut grass (36) 


. Stipata Lundblad, 1934 


Range: U.S.A.: Michigan (50); California (88) 
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Limnocharidae 


Limmnochares americana Lundblad, 1941 
Range: U.S.A.: Colorado, Illinois, Indiana, Massachusetts, Michigan, Nebraska, 
New Hampshire, New York, Washington, Wisconsin (47); Canada: 
British Columbia, Ontario (47); New Brunswick (16) 
Habitat: Bottoms of shallow lakes (47) 
L. aquatica (Linn., 1758) 
Range: U.S.A.: Indiana, Michigan, Washington, Wisconsin (47); Canada: 
Ontario (73) 
Europe, Asia, South America (110) 
Habitat: Bog lakes (47) 
Parasitic stage and hosts: Larva (110); Gerris, Hydrometra, Mesovelia (110); 
Aquarius palludam Fabricius, Limnoporus rufoscutellatus (Latreille, 1807) (40) 
Rhyncholimnochares kittatinniana Habeeb, 1954 
Range: U.S.A.: New Jersey (19) 
Habitat: Brook (19) 


Eylaidae 
Eylais abitibiensis Marshall, 1929 
Range: Canada: British Columbia, Manitoba, Ontario (73) 
Habitat: Lakes and rivers (73) 
E.. extendens Miller, 1776 
Range: U.S.A.: New Mexico (2); North Carolina, Michigan, Wisconsin (90) ; 
Ohio (14); Pennsylvania (11d); Tennessee (36); Canada: Manitoba (90); 
Northwest Terr. (1); Ontario (44) 
Europe (110) 
Notes: Considerable confusion of this species with others; therefore all records 
doubtful. Mitchell (96) treats nine specific and varietal names as synonyms. 
This followed here. 
E. infundibulata Lundblad, 1941 
Range: U.S.A.: Connecticut (52) 
E. robusta Marshall, 1946 
Range: U.S.A.: Wisconsin (90) 
Habitat: Lakes (90) 
E. wilsoni Soar, 1917 
Range: ?U.S.A.: Colorado (2) 
Europe (106) 
Habitat: Pond (2) 


Piersigiidae 
Piersigia americana Habecb, 1954 
Range: U.S.A.: New Jersey (19) 
Habitat: Swamp (19) 
P. crusta Mitchell, 1955 
Range: U.S.A. Illinois (98) 
Habitat: Drainage tiles (98) 


Protziidae 


Calonyx constans Marshall, 1943 
Range: U.S.A.: California, Wyoming (88); New Mexico, Colorado, Utah (2) 
Habitat: Creeks, streams, under stones to 9,700 ft. altitude (88); to 10,325 ft. 
altitude (2) 
Predators: Trout (88) 
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C. ovata Marshall, 1931 
Range: U.S.A.: California (87); Wisconsin (90); New Mexico (2) 
Habitat: Streams (87); Lakes (90); to 8,200 ft. altitude (2) 
Partnuniella thermalis V iets, 1938 
Range: U.S.A.: California, Wyoming (3) 
Habitat: Hot springs, 32.8°-44.8°C, pH 7.0-9.6 (3) 
Protzia eximia (Protz, 1896) 
Range: ?U.S.A. (123) 
Europe, Asia (115) 
Wandesia gaspensis Habeeb, 1955 
Range: Canada: Quebec (Gaspe) (26) 
Habitat: River (26) 
W. propinqua Walter, 1947 
Range: Canada: New Brunswick (33b) 
Europe (115) 
Habitat: Gravel bar in river (33b) 
W. riparia Habeeb, 1954 
Range: U.S.A.: New Jersey (19) 
Habitat: Brook (19) 
Note: Soft, vermiform mite (19) 


Clathrosperchonidae 


Clathrosperchon americanus Habeeb, 1953 
Range: U.S.A.: New Jersey (17) 
Habitat: Brook, on rocks in moving water (17) 


Thyasidae 


Euthyas truncata (Neuman, 1874) 
Range: US.A.: Michigan, New Jersey (1 1b) 
Europe (115) 
Habitat: Temporary pond (11b) 
‘anisopsis asopos Cook, 1953 
Range: U.S.A.: Michigan, Minnesota (5) 
Habitat: Cold springs and seepage areas (5) 
P. gorhami (Habeeb, 1954) , 
Range: U.S.A.: Montana, Oregon, Vermont, Washington (11b); Canada: New 
Brunswick (19) 
Habitat: Spring (19) 
P. pedunculata Koenike, 1895 
Range: U.S.A.: Montana, Washington (11b); Canada: British Columbia (44) 
Habitat: Kit-a-mum (sic) River (44) (?Kit-a-mat); cold streams (11b) 
P. setipes (Viets, 1911) 
Range: U.S.A.: Michigan (11b) 
Europe (115) 
Panisus cataphractus (Koenike, 1895) 


Range: U.S.A.: Michigan, Minnesota, Montana (11b); Canada: Alberta (44); 


New Brunswick (19); Ontario (11b) 
Habitat: Brook (44); spring (19) 
P. condensatus Habeeb, 1954 
Range: U.S.A.: Indiana, Minnesota (11b); New Jersey (19); Canada: New 
Brunswick (21) 
Habitat: Streams (1 1b) 
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Thyas barbigera Viets, 1908 
Range: U.S.A.: Maryland, Michigan, Minnesota, ?Maine, ?New Jersey; Canada: 


? New Brunswick (1 1b) 
Europe, Asia (115) 


T. bruzelli Lundblad, 1926 
Range: U.S.A.: Maine, Michigan (11b) 


Europe, Asia (115) 


Habitat: Temporary ponds (1 1b) 
T. mainensis Habeeb, 1954 

Range: U.S.A.: Maine (19) 

Habitat: Swamp (19) 

Note: Synonymized with T. bruzelli (11b) 
T. pachystoma Koenike, 1914 

Range: U.S.A.: New Jersey (19) 


Europe (110) 


Habitat: Bog (19); Temporary tundra pool (11b) 
Note: Var. T. p. inepta from Alaska (11b) 
T. rivalis Koenike, 1912 
Range: U.S.A.: Michigan, Minnesota (11b); Canada: New Brunswick (33c) 


Europe (115) 


Habitat: Small, slow-flowing streams (1 1b) 
T. stolli Koenike, 1895 
Range: U.S.A.: Maine, New Jersey (19); Michigan (11b); Ohio (14); Canada: 


Alberta (44); British Columbia (11b); Manitoba (91); New Brunswick 
(19); Northwest Terr. (1) 


Habitat: Marshes and temporary woodland pools (14) 
Parasitic stage and host: Larva on Aedes vexans (Meigen, 1830) (14) 
Note: Eggs of two sizes are laid — smaller eggs producing larvae; larger eggs 


producing nymphs (14 and 11b) 


T. tobiquensis Habeeb, 1954 
Range: Canada: New Brunswick (19) 
Habitat: Pond (19) 
Note: Synonymized with T. stolli (11b) 
Thyasides sphagnorum Habeeb, 1958 
Range: U.S.A.: Michigan (11b); Canada: New Brunswick (33b) 
Habitat: On Sphagnum in bog (33b) 
Thyopsella dictyophora Cook, 1955 
Range: U.S.A.: Colorado (11b); Michigan (10) 
Habitat: Springs, in Nasturtium officinale Brown (10) 
T. occidentalis Cook, 1959 
Range: U.S.A.: Wyoming (11b) 
Thyopsis cancellata (Protz, 1896) 
Range: U.S.A.: Michigan; Canada: Ontario (11b) 


Europe (115) 


Habitat: Temporary ponds, seepage areas, springs, brackish water (11b) 
Trichothyas musicola (Mitchell, 1953) 

Range: U.S.A.: Illinois (93) 

Habitat: Seepage area of canyon wall (93) 

Parasitic stage and host. Larva on Limonia humidicola (O.S.) (93) 
Zschokkea oblonga Koenike, 1892 

Range: Canada: Baffin Island (31) 

Habitat: Pond (31) 
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Hydryphantidae 


Hydryphantes multiporus Marshall, 1930 
Range: U.S.A.: Wisconsin (90) 
Habitat: “Small bodies of water” (90) 
H. ruber DeGeer, 1778 
Range: U.S.A.: Illinois, Michigan, Ohio, Wisconsin, Wyoming (90); North 
Carolina (14); New Mexico (2); Canada: Northwest Terr. (1); Ontario 
(73) 
Europe, Asia (115) 
Habitat: Lakes, Temporary ponds (14) 
Parastiic stages and hosts: Larva and nymph on Culex, Caenia, Paludina (110) 
H. tenuabilis Marshall, 1926 
Range: U.S.A.: lowa, Michigan, Ohio, Wisconsin (90); Tennessee (36) 
Habitat: Lakes, all habitats (36) 
Note: This form has been synonymized (by Viets, 1956, and others) with 
H. ramosus Daday. 
H. waynensis Crowell, 1960 
Range: U.S.A.: Ohio (14a) 
Habitat: Lake, permanent and temporary ponds among emergent vegetation (14a) 


Hydrodromidae 


Hydrodroma despiciens (Miller, 1776) 

Range: U.S.A.: “About half the states of the union’ (90); North Carolina, Ohio 
(14); Tennessee (36); Wyoming (78); Canada: British Columbia, Ontario 
(73); Mexico: Yucatan (82) 
Europe, Asia, Africa, South America (115) 

Habitat: Standing water with much vegetation (14) 

Parasitic stage and hosts: Larva on Corethra and Tendipedids (110) 

Predators: Rainbow Trout (78); Turtles (84) 


Thermacaridae 


Thermacarus nevadensis Marshall, 1928 
Range: U.S.A.: Nevada (70); California, Idaho, Oregon, Wyoming (3); Colo- 
rado (99c) 
Habitat: Hot springs, 34.0-50.8°C., pH 7.4-9.6 (3) 
Pseudohydryphantidae 


Pseudohydryphantes latipalpus Marshall, 1924 
Range: Alaska: Cordova, Sitka (66) 
Habitat: Lake, pond (66) 

Note: Known from two individuals (66) 

P. orbicularis Marshall, 1929 
Range: Canada: British Columbia (73) 


Teutoniidae 
Teutonia lunata Marshall, 1924 
Range: Alaska: Chitna, Kodiak Island (66) 
Habitat: Small ponds and pools (66) 
T. lundbladi Habeeb, 1955 
Range: Canada: New Brunswick (24) 
Habitat: River (24) 
T. setifera Habeeb, 1958 
Range: Canada: New Brunswick (33c) 
Habitat: Spring at lake shore (33c) 
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Sperchonidae 


Sperchon avimontis Habeeb, 1957 
Range: U.S.A.: North Carolina (33a) 
Habitat: Spring (33a) 


S. brevirostris Koenike, 1895 


Range: Canada: New Brunswick (23) (also S. b. scabriosus Habeeb, 1953 (23)) 
Europe, Asia, Africa (115) 


S. crassipalpis Marshall, 1933 


Range: U.S.A.: California (88); Colorado (2); Wyoming (78) 
Habitat: Streams to 9,000 ft. altitude (2) 
Predator: Trout (78) 
S. decorellus Habeeb, 1955 
Range: Canada: New Brunswick (25) 
Habitat: Spring (25) 


S. glandulosus Koenike, 1886 


Range: U.S.A.: Colorado, New Mexico (2); Idaho (44); Montana, “upper 
Mississippi states” (88); Wyoming (3) also S. g. subaureus Habeeb, 1956, 
New Jersey (29); Canada: Alberta, British Columbia (44); Ontario (78); 
S. g. subaureus and S. g. canadensis Habeeb, 1956, New Brunswick (29) 
Europe, Asia (110) 

Habitat: Streams, springs (110); on Chiloscyphus sp. (29); Hot creek, 55-63°F. 
(88); Hot springs, 34-35°C., pH 9.1-9.6 (3); to 10,325 ft. Altitude (2) 

Predators: Speckled, brown and brook trout (78) 

5. jasperensis Marshall, 1929 
Range: Canada: Alberta (73) 


S. longirostris (Koenike, 1895) 


Range: ?U.S:A.: North Carolina (12) 
Europe (110) 


S. mitchelli Habeeb, 1955 


Range: U.S.A.: Michigan (23); Canada: New Brunswick (23) 
Habitat: Brooks and springs, in Leptodictyum ripartum (Hedwig) Warnstorf and 
Nasturtium sp. (23) 


S. parmatus Koenike, 1895 


Range: U.S.A.: Wyoming (78); Canada: British Columbia (44) 
Habitat: to 9,000 ft. altitude (2) 
Predator: Trout (78) 


S. plumifer acadiensis Habeeb, 1953 


Range: Canada: New Brunswick (17) 
Habitat: On rocks in streams (17) 


S. pravus Habeeb, 1956 


Range: Canada: New Brunswick (30) 
Habitat: River (30) 


S. squamosus Kramer, 1879 


Range: ?U.S.A.: North Carolina (12) 
Europe (110) 
Habirat: Streams (110) 
Parasitic stage and host: Larva on Orthocladius (Tendipedidae) (110) 


S. tenuipalpis Koenike, 1895 


Range: Canada: Without precise location (44) 


S. triscutatus Habeeb, 1955 


Range: U.S.A.: New Jersey (22); Canada: New Brunswick (22) 
Habitat: River, brook (22) 
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S. undulopusillus Habeeb, 1955 
Range: U.S.A.: New Jersey (22); Canada: New Brunswick (30) 
Habitat: Brook (22 
Sperchonopsis ovalis Marshall, 1929 
Range: Canada: Ontario (73) 
Habitat: Lake Nipigon (73) 
S. verrucosa (Protz, 1896) 
Range: U.S.A.: California (88); Wisconsin (76); Wyoming (78) 
Europe, Asia, Africa (110) 
Habitat: Bottom habitats in lakes (90); to 9,000 ft. altitude (2) 
Predator: Trout (78) 


Lebertiidae 


Lebertia artaacetabula Marshall, 1912 
Range: U.S.A.: Michigan (69); Wisconsin (58) 
Habitat: Creek (69) 
L. distincta Marshall, 1914 
Range: U.S.A.: Maine (59); Michigan (69) 
Habitat: Lake (59); Beach pool (69) 
L. martisensis Marshall, 1943 
Range: US.A.: California (88); Canada: British Columbia (88) 
Habitat: Streams (88) 
L. natans Viets, 1926 
Range: ?U.S.A.: North Carolina (12) 
Europe (110) 
Habitat: Stream bortom (12) 
L. needhami Marshall, 1943 
Range: U.S.A.: California (88) 
Habitat: Streams (88) 
L. ontarioensis Marshall, 1929 
Range: U.S.A.: Montana (75); Canada: Ontario, Saskatchewan (73) 
Habitat: Lakes (73, 75); to 20 meters depth (105) 
Predators: Whitefish (73); brook trout (78) 
L. parmata Marshall, 1912 
Range: U.S.A.: California (58); New Mexico/(2); Canada: British Columbia (88) 
Habitat: Lake (58); streams, pools (88); to 8,900 ft. altitude (2) 
Predator: Trout (88) 
L. porosa Thor, 1900 
Range: U.S.A.: California (88); Colorado (58); Illinois, Indiana, lowa, Michi- 
gan, Montana, New York, Wisconsin, Wyoming (77); New Mexico (2); 
Ohio (14); Alaska: Cordova, Chitna, Kodiak Island, Ketchikan (66); 
Canada: Alberta, British Columbia (66); Ontario: Saskatchewan (73); 
Northwest Terr. (1) 
Europe, Asia (110) 
Habitat: Lakes, rivers, rubble beaches, protected bays (14); to 14% miles from 
shore and 13 meters depth (73); to 11,000 ft. altitude (2) 
Predators: Whitefish, speckled trout, alewife (73); brook and brown trout (78); 
Hydra littoralis Hyman (14) 
Note: Development of teleiochrysalis observed within caddis cases (14) 


L. quinquemaculosa Marshall, 1929 
Range: U.S.A.: Indiana, Wisconsin (71); Canada: British Columbia (73) 
Habitat: Small Lakes (71) 
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L.. setosa Koenike, 1912 
Range: Canada: British Columbia (44) 
Habiatt: River (44) 
L. tyrrelli Koenike, 1912 
Range: U.S.A.: Michigan (69); Canada: British Columbia (45) 
Habitat: River (69) 
L. wolcotti Koenike, 1912 
Range: U.S.A.: Wyoming (78); Canada: without further data (45); “probably 
British Columbia’”’ (78) 
Predators: Brook and brown trout (78) 


Oxidae 


Frontipoda americana Marshall, 1914 
Range: U.S.A.: California (88); Indiana, lowa, Minnesota, New York (77); 
Louisiana, Maine, Michigan, Wisconsin (59); New Jersey (24); Tennessee 
(36); Canada: New Brunswick (24) 
Habitat: Lakes, surface to 5 meters depth (63) coontail beds (36) 
Predators: Turtles (84); brook trout (88) 
Gnaphiscus occidentalis Marshall, 1924 
Range: Alaska: Chitna, Cordova (66); Canada: New Brunswick (24) 
Habitat: Mountain pools (66) 
Oxus connatus Marshall, 1929 
Range: U.S.A.: Michigan (84); New Jersey (24); Pennsylvania (11d); Wis- 
consin (77); Canada: Ontario (73) 
Habitat: Lake bottoms (77) 
Predators: Turtles (84) 
O. elongatus Marshall, 1929 
Range: U.S.A.: Michigan (101); New Jersey (24); Wisconsin (77); Canada: 
Ontario (73) 
Habitat: Lakes, surface to 2 meters depth (77) 
O. gnaphiscoides Habeeb, 1955 
Range: U.S.A.: New Jersey (24) 
Habitat: Pond (24) 
O. intermedius Marshall, 1926 
Range: U.S.A.: Minnesota, Wisconsin (77); New Jersey (24); Tennessee (36) 
Habitat : Shallow water of lakes, in vegetation (36); surface to 5 meters depth (63) 


Torrenticolidae 


Testudacarus americanus Marshall, 1943 
Range: U.S.A.: California (87); Wyoming (2) 
Habitat: Stream (87) 
T. minimus Marshall, 1943 
Range: U.S.A.: California (87); New Mexico, Wyoming (2) 
Habitat: Stream (87); to 10,000 ft. altitude (2) 
T. vulgaris Habeeb, 1954 
Range: U.S.A.: New Jersey (19); Canada: New Brunswick (19) 
Habitat: Rivers, brooks (19) 
Torrenticola amplexa (Koenike, 1908) 
Range: U.S.A.: 1 subspecies from New Jersey (26); Canada: 2 subspecies from 
New Brunswick (26) 
Europe, Asia (110) 
Habitat: Small rivers and large brooks (26) 
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‘. anomala (Koch, 1837) 


Range: U.S.A.: ?North Carolina (12); 1 subspecies from New Jersey (26) 
Europe, Africa, Asia (?) (110) 


Habitat: Slow flowing streams and rivers (110); brooks (26) 


’. bittikoferae Crowell, 1960 


Range: U.S.A.: Ohio (14a) 
Habitat: Rubble beaches of lake (14a) 


’. californica (M\arshall, 1943) 


Range: U.S.A.: California (87) 
Habitat: Stream (87) 


. compacta (Marshall, 1943) 


Range: U.S.A.: California (87) 
Habitat: Stream (87) 


‘, cooki Habeeb, 1955 


Range: U.S.A.: New Jersey (26) 
Habitat: Lake (26) 


’, ellipsoidalis (Marshall, 1943) 


Range: U.S.A.: California, Wyoming (87) 
Habitat: Streams (87) 


. geographica (Marshall, 1943) 


Range: U.S.A.: California (87) 
Habitat: Streams (87) 


‘. indistincta (Marshall, 1929) 


Range: U.S.A.: Indiana (71); Ohio (14); Wisconsin (77) 
Habitat: Lakes, rubble beaches, rocky bottoms (14) 


. jordanensis (Marshall, 1930) 


Range: U.S.A.: Wisconsin (74) 
Habitat: Lakes, in silt, to 15 meters depth (74) 


’. kittatinniana Habeeb, 1955 


Range: U.S.A.: New Jersey (26) 
Habitat: Brooks (26) 


‘. mercedensis (Marshall, 1943) 


Range: U.S.A.: California (87) 
Habitat: Streams (87) 


‘, neoanomala Habeeb, 1957 


Range: Canada: New Brunswick (32) 
Habitat: River (32) 


. nigroalba Habeeb, 1955 


Range: Canada: New Brunswick (26) 
Habitat: Rivers (26) 


. oblongata (Marshall, 1943) 


Range: U.S.A.: California (87) 
Habitat: Streams (87) 


‘. obovatus (Marshall, 1943) 


Range: U.S.A.: California (87) 
Habitat: Streams (87) 


‘, occidentalis (Marshall, 1933) 


Range: U.S.A.: Wyoming (78) 
Predators: Trout (78) 


. rufoalba Habeeb, 1957 


Range: U.S.A.: New Jersey (32) 
Habitat: Brooks (32) 
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T. sierrensis (Marshall, 1943) 
Range: U.S.A.: California (87) 
Habitat: Streams (87) 

T. simulans (Marshall, 1933) 
Range: U.S.A.: Wyoming (78); Canada: New Brunswick (26) 
Predators: Trout (78) 

T. tahoei (Marshall, 1943) 
Range: U.S.A.: California (87) 
Habitat: Streams (87) 

T. tricolor Habeeb, 1957 
Range: U.S.A.: New Jersey (32) 
Habitat: Brooks (32) 

T. wadellica (Marshall, 1943) 
Range: U.S.A.: California (87) 
Habitat: Streams (87) 


Pontarachnidae 


Pontarachna cruciata Hall, 1912 
Range: U.S.A.: California (34) 
Habitat: Marine beach (34) 


Limnesiidae 


Limnesia alzatei (Duges, 1884) 
Range: Mexico: without further data (104) 
L. anomola (Koenike, 1895) 
Range: U.S.A.: Michigan, New York, Wisconsin (77); Canada: Ontario (73); 
Quebec (44) 
Habitat: Lakes and permanent ponds (8) 
L. coerula Lundblad, 1941 
Range: U.S.A.: Connecticut (52) 
L. columbica Marshall, 1924 
Range: Alaska: Skagway, Cordova, Kodiak, Chitna (66); Canada: British 
Columbia (66) 
Habitat: Pools (66) 
L. cornuta Wolcott, 1903 
Range: U.S.A.: California, Indiana, Wisconsin (88); Michigan (121); Pennsyl- 
vania (11d); Tennessee (77); Canada: Ontario (73) 
Habitat: Lakes, bottom samples (121); to 1 meter depth (73) 
L. eggletoni Cook, 1954 
Range: U.S.A.: Michigan (8) 
Habitat: Temporary and semipermanent ponds and bogs, occasionally in small 
lakes (8) 
L. fulgida Koch, 1836 
Range: U.S.A.: Illinois, Michigan, Nebraska, New Jersey, Washington, Wis- 
consin (121); Colorado, New Mexico, Wyoming (2); Ohio (92); Pennsyl- 
vania (11d); Alaska (66); Canada: British Columbia (66) 
Europe and Asia (110) 
Habitat: Lenitic waters, in vegetation (121); to 11,000 ft. altitude (2) 
Note: Locality records difficult to evaluate because of confusion with L. undulata. 
L. koenikei Piersig, 1894 
Range: Canada: British Columbia (44) 
Europe, Asia (110) 
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L. maculata (Miller, 1776) 
Range: U.S.A.: lowa, Michigan, Montana, New York, Wisconsin (77); 
Tennessee (36); Alaska (66); Canada: British Columbia, Ontario (73) 
Europe, Asia, Africa (110) 
Habitat: Standing and flowing waters (110); to depth of 7 meters (73) 
L. marshallae (V iets, 1938) 
Range: U.S.A.: Michigan, Wisconsin (8) 
Habitat: Usually in lakes, occasionally in bogs and ponds (8) 
L. marshalliana Lundblad, 1952 
Range: U.S.A.: Connecticut (52) 
L. paucispina Wolcott, 1903 
Range: U.S.A.: Colorado (2); Michigan, Wisconsin (77); Ohio (92); Pennsyl- 
vania (11d); Tennessee (36); Wyoming (78); Mexico: Yucatan (82) 
Habitat: Lakes, in vegetation (36) cenotes (82); to 11,000 ft. altitude (2) 
Predators: Trout (78) 
L. protractipora Lundblad, 1941 
Range: Canada: without further data (52) 
L. rivophyla Habeeb, 1957 
Range: U.S.A.: North Carolina (33a) 
Habitat: Brook (33a) 
L. undulata (Miller, 1776) 
Range: U.S.A.: California (88); Indiana (73); Michigan (84); New Mexico, 
Colorado (2); North Carolina, Ohio (14); Pennsylvania (11d); Tennessee 
(36;) Wisconsin (77); Canada: Alberta (44); British Columbia, Ontario (73) 
Europe, Asia, Africa (110) 
Habitat: Lakes, in vegetation (36); at altitude 6,233 ft. (88); to 9,000 ft. (2) 
Parasitic stage and host: Nymph on Tendipes (Tendipes) decorus (Johannsen) (14) 
Predators: Brook Trout (78); Turtles (84) 
Note: One subspecies reported: L. u. californica Lundblad, 1941 (52) 
L. wawasea Marshall, 1929 
Range: U.S.A.: Indiana (71); Michigan (84) 
Habitat: Lake, near shore (71) 
Predator: Chelydra serpentina (Linne) (84) 
Tyrrellia circularis Koenike, 1895 
Range: U.S.A.: California (86); Illinois (94); Kansas (100); Michigan (123); 
North Carolina (33); Ohio (92); Tennessee (Crowell, unpublished notes) ; 
Canada: Ontario (44) ; 
Habitat: Lagoons (92); springs (14); warm springs, 32.8°C (86) 
T. hibbardi Mitchell and Mitchell, 1958 
Range: U.S.A.: Kansas (100) 
Habitat: Cold springs (100) 
T. ovalis Marshall, 1932 
Range: U.S.A.: Illinois (94); Kansas (100); Michigan, Wisconsin (86) 
Habitat: Stream shorelines (100) 


Hygrobatidae 


Atractides canadensis Habeeb, 1955 
Range: Canada: New Brunswick (26) 
Habitat: River (26) 

A. carolinensis Habeeb, 1957 
Range: U.S.A.: South Carolina (33a) 
Habitat: Brook (33a) 
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A. crassipalpis (Koenike, 1908) 
Range: Canada: without further data (44) 
A. georgiensis Habeeb, 1957 
Range: U.S.A.: Georgia, New Jersey, South Carolina (33a) 
Habitat: Brooks (33a) 
A. neogaeus Habeeb, 1955 
Range: U.S.A.: Georgia (33a); Canada: New Brunswick (26) 
Habitat: River (26) 
A. nodipalpis americanus (Marshall, 1943) 
Range: U.S.A.: California (88); Colorado, New Mexico (2); Wyoming (78); 
Canada: British Columbia (88) 
Habitat: Streams, to 9,000 ft. altitude (2) 
Predators: Trout (78) 
A. parviscutus Marshall, 1915 
Range: U.S.A.: Illinois, Michigan (77); Indiana, Wisconsin (71) 
Habitat: Lake shore to 14% meters depth (71) 
A. phenopleces Marshall, 1915 
Range: U.S.A.: Wisconsin (60) 
Habitat: Lake (60) 
A. riparius Habeeb, 1957 
Range: Canada: New Brunswick (33a) 
Habitat: Gravel bar along river (33a) 
A. sturgeonensis (Marshall, 1927) 
Range: U.S.A.: Michigan (69) 
Habitat: River bed (69) 
A. tenuiscutatus Habeeb, 1957 
Range: U.S.A.: Georgia, North Carolina (33a) 
Habitat: Brooks and creeks (33a) 
A. walteri (Viets, 1925) 
Range: ?U.S.A.: North Carolina (12) 
Europe (110) 
Habitat: Streams (12) 
Hygrobates americanus Habeeb, 1957 
Range: U.S.A.: New Jersey; Canada: New Brunswick (25); Saskatchewan (33a) 
Habitat: Brooks and rivers (33a) 
H. canadensis Habeeb, 1955 
Range: Canada: New Brunswick (25) 
Habitat: Brook (25) 
H. decaporus Koenike, 1895 
Range: Canada: British Columbia (44) 
Habitat: Swamp (44) 
H. estellae Habeeb, 1957 
Range: U.S.A.: North Carolina (33) 
Habitat: Brooklet (33) 
H. exilis Koenike, 1895 
Range: Canada: British Columbia (44) 
Habitat: River (44) 
H. fluviatilis (Strom, 1768) 
Range: ?U.S.A.: North Carolina (12) 
Europe (110) 
Habitat: Stream (12) 
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H. foreli (Lebert, 1874) 
Range: Canada: New Brunswick (25) 
Europe, Asia (110) 
Habitat: Brook (25) 
Parasitic stage and host: Larva on Tendipedid adult (49) 
H. longipalpis (Hermann, 1804) 

Range: U.S.A.: California (88); Colorado, New Mexico (2); Illinois, Iowa, 
Indiana, Michigan, Montana, New York, Ohio, Tennessee, Wyoming, 
Wisconsin (77); New Jersey (25); Canada: British Columbia (44); Ontario 
(73) 

Europe, Asia, Africa (115) 

Habitat: Lakes, rubble beaches, rocky bottoms (14); River (44); to 9,000 ft. 
altitude (2) 

Parasitic stage and host: Larva on Chironomids and Corethra (110) 

Predators: Hydra littoralis (Hyman) (14); Whitefish, speckled trout, alewife 
(73); Brown trout (78) 

H. multiporus Koenike, 1895 

Range: U.S.A.: Michigan (84); New Jersey (25); Canada: British Columbia 
(44); New Brunswick (25) 

Habitat: River (44); spring (25) 

Notes: Found in stomach of great blue heron (84) 

H. neocalliger Habeeb, 1957 

Range: U.S.A.: New Jersey, North Carolina, South Carolina; Canada: New 
Brunswick (33a) 

Habitat: Rivers (33a) 

Note: Parent species and two subspecies recorded (33a) 

H. neooctoporus Marshall, 1926 

Range: US.A.: California (88); Montana (2); Wyoming (78); Alaska, Chitna, 
Cordova, Ketchikan, Kodiak Island, Skagway (66); Canada: Alberta, 
British Columbia (66); New Brunswick (25); Ontario, Saskatchewan (73) 

Habitat: Lakes, reservoir, pools (66); cold water pools and ponds (25); 
Mountain lakes (88) 

Predators: Whitefish (73); Brown trout (78) 

H. nigromaculatus Lebert, 1879 

Range: U.S.A.: New Jersey (25) 
Europe, Asia (110) 

Habitat: Spring run-off (25) 

H. occidentalis Marshall, 1943 
Range: U.S.A.: California (88) 
Habitat: Creek (88) 
H. parvulus Habeeb, 1957 
Range: U.S.A.: North Carolina (33) 
Habitat: Brook (33) 
. zuxsus Habeeb, 1958 
Range: Canada: New Brunswick (33c) 
Habitat: Spring (33c) 


I 


~ 


Unionicolidae 


Huitfeldtia rectipes Thor, 1898 
Range: U.S.A.: Wisconsin (81); Canada: Ontario, Saskatchewan (73) 
Furope (110) 
Predators: Whitefish (73) 
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Koenikea alata Lundblad, 1943 
Range: U.S.A.: Michigan (53) 
Kk. concava Wolcott, 1900 
Range: U.S.A.: Florida, Indiana, Illinois, lowa, Louisiana (81); Michigan (119); 
Tennessee (36); Wisconsin (63); Canada: Ontario (73) 
Habitat: Lake, surface to 10 meters depth (63); cut-grass zone of lake (36) 
Predators: Turtles (84) 
Kk. haldemani Viets, 1930 
Range: U.S.A.: Illinois (35); lowa, Wisconsin (81); Tennessee (37) 
K. indistincta Marshall, 1936 
Range: Mexico: Yucatan (82) 
Habitat: Cenote (82) 
K. marshallae Viets, 1930 
Range: U.S.A.: Illinois, Louisiana, Michigan, Wisconsin (81); Canada: Ontario 
(81) 
Habitat: Rivers, ponds, lakes (35) 
K. spinipes Wolcott, 1900 
Range: U.S.A.: Illinois, Wisconsin (81); Michigan (119) 
Habitat: Lakes (81); Roadside ditch (35) 
K. wolcotti Viets, 1930 
Range: U.S.A.: Illinois, Indiana, Michigan, Wisconsin (81) 
Predators: Turtles (84) 
Najadicola ingens (Koenike, 1895) 
Range: U.S.A.: Maine, Massachusetts, New Hampshire, Rhode Island, Vermont 
(38); Michigan (118); Canada: New Brunswick, Quebec (38); Ontario (73) 
Parasitic stages and hosts: Adults (38); nymph (39); in suprabranchia! chambers 
of host (38); Anodonta fragilis Lamarck, A. footiana Lea, Unio gibbosus 
Barnes, U. ligamentinus Lamarck, U. /uteolus (Simpson) (118); A. fragilis 
Lamarck, U. complanata (Dillw.) (44); A. cataracta Say, Elliptio complanatus 
(Solander), Lampsilis radiata (Gmelin) (38); E. violaceus Spengler, A. 
marginata Say, Pyganodon grandis footiana Lea, E. dilatata Raf., Ortmanniana 
carinata Barnes, Ligumia fasciata Raf. (116) 
Neumania armata Marshall, 1922 
Range: U:S.A.: Illinois, lowa (79); Michigan (84); Wisconsin (64) 
Predators: Turtles (84) 
N. cenotea Marshall, 1936 
Range: Mexico: Yucatan (82) 
Habitat: Cenotes (82) 


N. distincta Marshall, 1922 


Range: U.S.A.: Colorado (2); lowa (67); Michigan (84); Ohio (92); Pennsyl- 
vania (11d); Tennessee (36); Wisconsin (64) 

Habitat: Lagoons (92); to 11,000 ft. altitude (2) 

Predators: Turtles (84) 


N. extendens Marshall, 1922 


Range: U.S.A.: Illinois (35); Michigan, Wisconsin (64) 
Habitat: Lakes, permanent ponds (35) 


N. fragilis Marshall, 1922 


Range: U:S.A.: Illinois (79); Michigan, Wisconsin (64) 
Habitat: Lakes (64) 


N. hickmani Marshall, 1933 


Range: U.S.A.: Wisconsin (79) 
Habitat: Lake, to depth of 10 meters (79) 
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N. kodiakica Marshall, 1924 
Range: Alaska: Kodiak Island (66) 
Habitat: Mountain pool (66) 
N. longiseta Marshall, 1924 
Range: Alaska: Kodiak Island (66) 
Habitat: Mountain pool (66) 
N. ovata Marshall, 1922 
Range: U.S.A.: lowa (67); Michigan (84); Wisconsin (64); Canada: Ontario 
(73) 
Habitat: Lake, to 6144 meters depth (73) 
Predators: Turtles (84) 
N. papillator Marshall, 1922 
Range: U.S.A.: Louisiana, Wisconsin (64); Pennsylvania (11d); Tennessee (36) 
Habitat: Mixed vegetation, shallow water (36) 
N. pubescens Marshall, 1929 
Range: U.S.A.: Colorado (2); Indiana (71); lowa, Wisconsin (79) 
Habitat: to 11,000 ft. altitude (2) 
N. punctata Marshall, 1922 
Range: U.S.A.: lowa (67); Michigan (69); Ohio (92); Pennsylvania (11d); 
Wisconsin (64); Canada: Ontario (73) 
Habitat: River bed (69); Lake (73) 
Predators: Turtles (84) 
N. semicircularis Marshall, 1922 
Range: U.S.A.: Illinois (79); lowa (67); Michigan (84); Montana (75); 
Pennsylvania (11d); Wisconsin (64); Canada: Ontario (73) 
Habitat: Lakes, to depth of 23 meters (73) 
Predators: Lurtles (84) 
N. spinipes (Miiller, 1776) 
Range: Canada: British Columbia (44) 
Europe, Africa? (110) 
Habitat: Swamp (44) 
N. tenuipalpis Marshall, 1922 
Range: U.S.A.: lowa (67); Louisiana, Wisconsin (64); Michigan (84); Pennsyl- 
vania (11d); Cuba (68) 
Predators: Turtles (84) P 
Unionicola abnormipes (Wolcott, 1898) 
Range: U.S.A. Illinois (118); lowa (67); Michigan, New York, Wisconsin (117) 
Parasitic stages and hosts: Adult and nymph in foot of host (97); Lampsilis 
siliquoidea (Barnes) (97); Amblema plicata costata Say, Lampsilis ovata cardium 
Raf., Ligumia fasciata Rat., L. recta Lamarck, L. teres Raf., Leptodea fragilis 
Raf., Ortmanniana carinata Barnes, Proptera alata Say, Ptychobranchus fasciolare 
Raf., Pyganodon grandis Say (116) 
U. aculeata (Koenike, 1890) 
Range: U.S.A.: Michigan (118); North Carolina (4); Wisconsin (79) 
Europe (110) 
Parasitic stages and hosts: Adults, “encysted young’’, in mantle cavity of host 
(4); nymphochrysalis, teliochrysalis (97); Campeloma decisum Say, (4); 
Lampsilis siliquoidea (Barnes) (97); Amblema plicata costata Say, Anodonta 
cygnea Linne, Elliptio dilatata Raf., Fusconaia flava Raf., Lampsilis ovata car- 
dium Raf., Ligumia fasciata Raf., L. nervosa novi-eboraci Lea, L. recta Lamarck, 
Ortmanniana carinata Barnes, Platynaias viridis Raf., Pyganodon grandis Say, 
Unio crassus Retz., Venustaconcha ellipsiformis Conrad (116) 
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U. arcuata (Wolcott, 1898) 

Range: U.S.A.: Michigan (117); Pennsylvania (118); Wisconsin (79) 
Asia, Japan (42) 

Hosts: Margaritana marginata Say (104); Alasmidonta calceola (Lea), Anodontoidea 
ferussacianus subcylindraceus Lea (69); Anodonta marginata Say, Decurambis 
marginata Say, Lasmigona costata Raf., Ligumia fasciata Raf., Pressodonta 
calceola Lea, Pyganodon grandis footiana Lea, Strophitus undulatus edentulus Say 
(116) 

LU’. campelomaicola Marshall, 1935 

Range: Canada: Ontario (80) 

Parasitic stages and host: Adult, nymph on gills of Campeloma sp. (80) 
LU’. crassipes (Miller, 1776) 

Range: U.S.A.: California (88); Indiana, Maine, Montana, New York, Wa hing- 
ton, Wyoming (79); lowa (67); Michigan, Nebraska, Wisconsin (118); 
Ohio (92); Tennessee (36); Alaska: Sitka (66); Canada: British Columbia, 
Ontario (73) 

“Cosmopolitan” (110) 

Habitat: “Deep tow” (66) 

Hosts: Anodonta beringana Middft., A. marginata Say, Pyganodon grandis footiana 
Lea (116); Sphaerium simile Say, (118) 

Predators: Grayling (78); turtles (84); whitefish (73) 

U’. figuralis (Koch, 1836) 

Range: U.S.A.: Wisconsin (79) 

Europe (104); Africa, South America (79) 
U’. formosa Dana and Whelpley, 1836 

Range: U.S.A.: Connecticut (15); Illinois, lowa, Michigan, Nebraska (104); 
Massachusetts (99) 

Hosts: Anodonta cataracta Say (15); A. grandis Say, A. implicata Say, A. marginata 
Say (99) 

LU’. fossulata (Koenike, 1895) 

Range: U.S.A. : Illinois, lowa, Michigan, New York, Wisconsin (118); Tennessee 
(36); Canada: Ontario (44) 

Parasitic stages and hosts: Nymph, teliochrysalis, adult (97); Anodonta corpulenta 
Cooper, Quadrula pustulosa (Raf.) (36); Anodonta grandis footiana Lea, 

Lampsilis siliquoidea rosacea (DeKay) (69); Anodonta luteola (44); 22 species 
of mollusks (116) 
U’. indistincta (Wolcott, 1898) 
Range: U.S.A.: Illinois, lowa (118); Michigan (117) 
Hosts: Leptodea fragilis Raf., Proptera alata Say (116) 
U’. intermedia wolcotti (Piersig, 1900) 

Range: U.S.A.: lowa (67); Michigan, Nebraska (118); Wisconsin (79) 

Hosts: Anodonta cataracta Say, A. grandis Say (99); Anodontoides ferussacianus Lea, 
Pyganodon grandis Say, Unio tumidus Retz (116) 

Note: Mitchell (99) concludes that U. intermedia var. wolcotti is distinct from 
U. intermedia and gives it specific status. 

LU’. pectinata (Wolcott, 1898) 
Range: U.S.A.: Michigan (117); Wisconsin (79) 
Habitat: Free living in Chara (117) 

UL’. serrata (Wolcott, 1898) 

Range: U.S.A.: lowa (118); Michigan, New York (117); Wisconsin (79) 

Parasitic stages and hosts: Nymph and adult in mantle, foot, labial palps of host 
(97); Amblema plicata costata Say, Fusconaia flava Raf., Lampsilis ovata 
cardium Raf., Ligumia fasciata Raf., Pressodonta calceola ea, Proptera alata Say, 





338 THE CANADIAN ENTOMOLOGIST May 1961 


(116); Lampsilis siliquoidea (Barnes) (97); Unio alatus Say, U. coccineus Hild.. 
U. occidens Lea, U. undulatus Barnes (117) 
U. stricta (Wolcott, 1898) 

Range: U.S.A.: Illinois (118); Wisconsin (79); Michigan, Nebraska (117) 

Hosts: Amblema plicata costata Say, Fusconaia flava Rat., Lampsilis ovata cardium 
Raf., Ligumia recta Raf., Ortmanniana carinata Barnes, Proptera alata Say, 
Pustulosa nodulata Raf., Quadrula quadrula Raf., Tritogonia verrucosa Raf., 
Uniomerus tetralasmus Say (116) 

U. tumida (Wolcott, 1898) 

Range: U.S.A.: Michigan (117) 

Hosts: Anodonta edentula Say, A. fragilis Lam., A. ovata Lea, Maryaritana deltoides 
Lea (117); Amblema plicata costata Say, Anodonta marginata Say, Anodontoides 
ferussacianus Lea, Pressodonta calceola \.ea, Strophitus undulatus edentulus 
Say (116) 

U. ypsilophora (Bonz, 1783) 

Range: US.A.: California (88); Connecticut, New Jersey, Pennsylvania, 
Wisconsin (79); Illinois, lowa, Michigan, Nebraska, New York (118); 
Canada: Ontario (73) 

Parasitic stages and hosts: Adults, nymphs (69); Anodonta grandis footiana Lea, 
A. marginata Say, Strophitus rugosus pavonius Lea (69); 26 species and 
varieties of mullusks (116) 

Note: Mitchell (99) concludes that there are no verifiable records of this species 
in N.A. and refers them all to U. formosa. 


Feltriidae 


Feltria acutipal pis Habeeb, 1954 
Range: Canada: New Brunswick (21) 
F.. amoenella Habeeb, 1955 
Range: U.S.A.: New Jersey (22); Canada: New Brunswick, Quebec (22) 
Habitat: Brook, on Chiloscyphus (22 
F. appalachiana Habeeb, 1957 
Range: U.S.A.: North Carolina (33a) 
Habitat: River (33a) 
F. caroliniana Habeeb, 1957 
Range: U.S.A.: North Carolina (33) / 
Habitat: Waterfalls (33) 
*. conjunctella Habeeb, 1955 
Range: U.S.A.: New Jersey (22 
F. geometrica Habeeb, 1955 
Range: Canada: New Brunswick (22) 
Habitat: Brook (22) 
’. minuta Koenike, 1892 
Range: U.S.A.: New Mexico (2); Canada: Without further data (44); New 
Brunswick (29) 
Europe (104); Asia: Japan (42) 
Habitat: Streams, to 8,200 ft. altitude (2) 
F. purpurotincta Habeeb, 1955 
Range: U.S.A.: New Jersey (22); Canada: New Brunswick (22) 
. rivophila Habeeb, 1955 
Range: Canada: New Brunswick (22 
Habitat: Brook (22 
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F. rubra Piersig, 1898 
Range: Canada: New Brunswick (22 
Europe, Asia (115) 
Habitat: Fast, cold streams (104) 


Nautarachnidae 


Nautarachna karl-vietsi Habeeb, 1956 
Range: Canada: New Brunswick (30) 
Habitat: Brook, on Leptodictyum riparum (Hedwig) Warnstorf (30) 


Pionidae 


Forelia borealis (Habeeb, 1954) 
Range: U.S.A.: Michigan (11); New Jersey (20); North Carolina (33); Canada: 
New Brunswick (19); Ontario (11) 
Habitat: Lakes and ponds, in Chara (11) 
F. cooki Habeeb, 1956 
Range: U.S.A.: Michigan (11); (see also 27): 
Habitat: Lakes (11) 
Note: Larval stage suppressed (11) 
F. cursor Habeeb, 1954 
Range: U.S.A.: Michigan (11); New Jersey (20) 
F. liliacea (Miller, 1776) 
Range: U.S.A.: Michigan (69); Minnesota, Montana (11); Pennsylvania (11d); 
Washington, Wyoming (81); Canada: New Brunswick (20); Ontario (73) 
Asia, Africa (110); Europe (104) 
Habitat: Lakes and permanent ponds to 8 ft. depth (a 1) 
Predators: Turtles (84) 
F. ovalis Marshall, 1929 
Range: U.S.A.: Illinois, Wisconsin (81); Michigan (11);. New Jersey (20); 
North Carolina (33); Wyoming (2); Canada: Ontario (73) 
Habitat: Lakes, permanent ponds (11); to 6 meters depth (73); to 10,000 ft. 
altitude (2) 
F. siegasiana Habeeb, 1954 
Range: U.S.A.: Michigan (11); New Jersey (20); Canada: New Brunswick (20) 
Habitat: Ponds (20); Lakes, to 28 ft. depth (11) 
Hydrochoreutes intermedius Cook, 1956 
Range: U.S.A.: Montana (11a) 
H. ungulatus (Koch, 1836) 
Range: U.S.A.: California, Maine (83); Michigan, Wisconsin (69) 
Europe (104); Asia (110) 
Neotiphys pionoidellus Habeeb, 1957 
Range: U.S.A.: North Carolina (33); Canada: New Brunswick (30) 
Habitat: Beaver pond (30); ponds (33) 
Piona alzatei (Duges, 1884) 
Range: Mexico: without further data (104) 
P. americana Marshall, 1929 
Range: U.S.A.: Michigan, Washington, Wisconsin (72); New Mexico (2); 
Alaska: Chitna, Cordova (66) 
Habitat: Lakes (83); to 7,300 ft. altitude (2) 
Notes: Eggs and nymphs attached to Nitella (72); Cook, 1960, apparently includes 
this as a variety of P. coccinea (11c) 
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brunsoni Cook, 1960 
Range: U.S.A.: Michigan, Montana (1 1c) 
Habitat: Lakes (11c) 

carnea (Koch, 1836) 

Range: U.S.A.: Idaho, Michigan, Montana (11c); Wisconsin (83); Wyoming 
(2); Colorado (unpublished material loaned to writer by Chicago Natural 
History Museum); Alaska: Anchorage (66) 

Asia (43); Europe (104) 

clavicornis (Miller, 1776) 

Range: U.S.A.: Maryland, Michigan (1 1c) 

Europe, Asia (115) 

Habitat: Temporary ponds, marshy areas of lakes (1!c) 

coccinoides baffinensis Habeeb, 1957 
Range: Canada: Baffin Island (31) 

Habitat: Pond (31) 

conglobata (Koch, 1836) 

Range: U.S.A.: Colorado (2); Michigan, Montana, Wyoming (11c); Pennsyl- 
vania (11d) 

Europe, Asia (115) 

Habitat: Lakes, permanent ponds (11c) 

Note: P. c. wisconsinensis Marshall, 1935, from Wisconsin (81) 

conglobatella Cook, 1960 
Range: U.S.A.: Michigan, Wisconsin (1 1c) 

Habitat: Permanent pond conditions along lakes (11c) 

constricta (Wolcott, 1902) 

Range: U.S.A.: Michigan, Nebraska (120); Minnesota (11c); Montana, Wis- 
consin (83); Canada: Ontario (73) 

Habitat: Temporary pools (120) 

Predators: Whitefish (73) 

coronis (Wolcott, 1902) 

Range: U.S.A.: Michigan (120) 

Note: Known from a single specimen (120) 

crassa (Wolcott, 1902) 

Range: U.S.A.: Illinois, Montana, Wisconsin (81); Michigan (120); New 
Jersey (21); Pennsylvania (11d) 

debilis (Wolcott, 1902) 

Range: U.S.A.: Massachusetts (120); Michigan, Montana, North Carolina, 
Washington (llc); Pennsylvania (11d); Wisconsin (83) 

Habitat: Lake (120); Permanent ponds (1 1c) 


, 


. exilis (Wolcott, 1902) 


Range: U.S.A.: Colorado, Michigan (120); Wisconsin (83) 
Predators: Turtles (84) 

flatheadensis Cook, 1960 

~ Range: U.S.A.: Montana (11c) 
Habitat: Lake (1 1c) 

floridana Cook, 1960 
Range: U.S.A.: Florida (11c) 
Habitat: Lakes (11c) 

guatemalensis (Stoll, 1887) 
Range: Canada: British Columbia (44) 

Central America (120) 

Habitat: Swamp (44) 
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P. haberba Cook, 1960 
Range: U.S.A.: Michigan (1 1c) 
Habitat: Lakes (11c) 

inconstans (Wolcott, 1902) 

Range: U.S.A.: Florida, Maine (81); Illinois, Louisiana, Massachusetts, Michigan, 
Missouri, Nebraska (120); New Mexico (2); Alaska: Sitka (66); Canada: 
Ontario (73) 

Asia (108) 
Habitat: Lake, ponds (120); to 4800, ft. Altitude (2) 
insularis Marshall, 1924 

Range: Canada: Saskatchewan (73); Yukon (66) 

Habitat: Small bay (73) 

Predators: Whitefish (73) 

. interrupta Marshall, 1929 
Range: U.S.A.: Colorado (2); Michigan, Wisconsin (83); Montana (75); 
Canada: British Columbia, Ontario, Saskatchewan (73) 
Habitat: Lake to 13 meters depth (73); at 9,000 ft. altitude (2) 
Predators: Perch, trout (73) 
. linguaplax Crowell, 1953 

Range: U.S.A.: North Carolina (13) 

Habitat: Temporary woodland pond (13) 

Parasitic stage and host: Larva on Polypedilum sp. (13) 

loda Cook, 1960 
Range: U.S.A.: Montana, Washington (1 Ic) 
Habitat: Lakes and permanent ponds (1 Ic) 
media (Wolcott, 1902) 
Range: U.S.A.: Illinois, Indiana, Wisconsin (81); Michigan (120); Pennsylvania 
(11d); Canada: Ontario (81) 

. michiganensis Cook, 1960 

Range: U.S.A.: Michigan (1 1c) 

Habitat: Lakes and permanent ponds (1 Ic) 
mitchelli Cook, 1960 

Range: U.S.A.: Michigan (1 1c) 

Habitat: Sphagnum bog (1 1c) 
napio Crowell, 1960 

Range: U.S.A.: Ohio (14a) 

Habitat: Lake, vernal woodland pools (14a) 
nodata (Miiller, 1776) 

Range: U.S.A.: Wyoming (2); Alaska: Chitna (66); Canada: British Columbia 

(44) 
Europe, Asia, Africa, (115) 
Habitat: Small pools (66); lakes to 10,000 ft. altitude (2) 
Note: 4 varieties from U.S.A., Alaska and Canada 
P. pearsei Marshall, 1936 
Range: Mexico: Yucatan (82) 
Habitat: Cenotes (82) 
Fr. pinguipalpis Cook, 1960 
Range: U.S.A.: Michigan (1 1c) 
Habitat: Temporary pond (1 1c) 
P. pugilis (Wolcott, 1902) 
Range: U.S.A.: lowa (67); Michigan (120); New York, Wisconsin (83); 
Canada: Ontario (73) 
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Habitat: Lakes (120) 
Predators: Turtles (84) 
reighardi (Wolcott, 1902) 

Range: U.S.A.: Colorado (2); Georgia, Indiana, Minnesota, Montana, Wisconsin 
(81); Illinois, Louisiana, Michigan (120); Iowa (67); Ohio (92); Pennsyl- 
vania (11d); Tennessee (36); Washington (66); Alaska: Kodiak Island (66); 
Canada: Ontario (81); ?Northwest Terr., ?Yukon Terr. (1) 

Habitat: Lakes, to depth of 12 meters (81); at 9,000 ft. altitude (2) 

Parasitic stage and host: Larva (nymphochrysalid) on Tendipes (Tendipes) decorus 
(Johannsen) (14) 

Predators: Turtles (84) 

rotunda (Kramer, 1879) 

Range: U.S.A.: Indiana (71); lowa (67); Michigan, Nebraska (120); Montana, 
Wisconsin (81); Ohio (14); Pennsylvania (11d); Alaska (81); Canada: 
British Columbia, Ontario (73) 

Europe, Asia, Africa, South America (115) 

Habitat: Permanent and temporary ponds (14) 

Host: Astacus leptodactylus Esch. (112) 

Notes: Larval stage suppressed in Ohio material (14); see also (106) 

rubrapes Marshall, 1924 
Range: Alaska: Kodiak Island (66) 
Habitat: Mountain pools (66) 
setiger (Wolcott, 1902) 

Range: U.S.A.: Michigan, Montana, Washington (llc); Nebraska (120); 
Pennsylvania (11d); Wisconsin (83) 

Habitat: Spring-fed pool (120) 

Note: Cook, 1960, synonymizes this with P. neumani (1 1c) 

socialis Marshall, 1930 
Range: U.S.A.: Minnesota (11c); Montana (75) 
Habitat: Cold lake (75) 
spangleri Cook, 1960 
Range: U.S.A.: Missouri (11c) 
Habitat: Freshwater pond (11c) 
spinulosa (Wolcott, 1902) 

Range: U.S.A.: Illinois, Louisiana, Michigar’ (120); Indiana (71); lowa (67); 
Massachusetts, Wisconsin (83); Pennsylvania (11d); Tennessee (36); 
Canada: Yukon Terr. (66) 

Habitat: Lakes; ponds (120); bonnet beds (36); clear pond (66) 

Predators: Turtles (84) 

triangularis (Wolcott, 1902) 
Range: U.S.A.: Indiana (71); Missouri (120) 
Habitat: Pond (120) 

turgida (Wolcott, 1902) 

Range: U.S.A.: Michigan, Wisconsin (120); New York (83); Canada: British 
Columbia, Ontario, Saskatchewan (73) 

Habitat: Lakes (120); permanent ponds, backwater of river (1 1c) 

Predators: Trout, whitefish (73) 

uncata (Koenike, 1888) 

Range: U.S.A.: ?Colorado, Wyoming (2); Michigan (11c) 
Europe (104) 

Habitat: Lakes, to 11,000 ft. altitude (2) 
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P. variabilis (Koch, 1836) 
Range: U.S.A.: Michigan, Montana (1 1c) 
Europe, Asia (115) 
Habitat: Lakes (1 1c) 
P. washingtonensis Cook, 1960 
Range: U.S.A.: Washington (1 1c) 
Habitat: Permanent pond conditions (11c) 
P. wolcotti Marshall, 1937 
Range: U.S.A.: Michigan (84); Wisconsin (83) 
Habitat: Lakes, permanent ponds (1 1c) 
Predators: Turtles (84) 
Pionacercus novus Marshall, 1924 
Range: Alaska (66) 
Note: Known from a single specimen (66) 
Pionella neogaea Habeeb, 1955 
Range: Canada: New Brunswick (25) 
Habitat: Brook (25) 
Pionopsis fragilis Habeeb, 1954 


Range: U.S.A.: North Carolina (29); Canada: New Brunswick (21) 


Habitat: Pond (29) 
P. latilamellis Marshall, 1924 


343 


Range: Alaska: Cordova, Eagle City (66); Canada: British Columbia (66); 


“Ontario (73) 
Predators: Trout (73) 
P. lutescens paludis Habeeb, 1954 
Range: U.S.A.: New Jersey (21) 
Pseudofeltria multipora Cook, 1955 
Range: U.S.A.: Michigan (11) 
Habitat: Cold spring (11) 
Tiphys curvipes Habeeb, 1954 
Range: U.S.A.: Maine, New Jersey (21) 
Habitat: Swamp (21) 
T. diversus (Marshall, 1929) 
Range: Canada: Ontario (73) 
Habitat: Lake to two meters depth (73) 
T.. marshallae Cook, 1956 
Range: U.S.A.: Michigan (11a) 
T. mitchelli Cook, 1956 
Range: U.S.A.: Michigan (11a) 
T. oliveri Habeeb, 1957 
Range: Canada: Baffin Island (31) 
Habitat: Lake and ponds (31) 
T. ornatus Koch, 1836 
Range: U.S.A.: New Jersey (21) 
Africa (11); Asia (107); Europe (104) 
Habitat: Swamp (21) 
T. scaurus (Koenike, 1892) 
Range: U.S.A.: New Jersey (21) 
Asia (41); Europe (104) 
Habitat: Bog pools (107); swamp (21) 
7. simulans (Marshall, 1924) 
Range: Canada: British Columbia (66) 
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T. torris americanus (Marshall, 1937) 
Range: U.S.A.: Illinois, Wisconsin (83); Ohio (14); Wyoming (2) 
Habitat: Pools, ponds, (14) 
T. torris torris (Miiller, 1776) 
Range: Canada: Yukon Terr. (1) 
Asia (110); Europe (104) 
T. vernalis (Habeeb, 1954) 
Range: U.S.A.: New Jersey (21) 
T.. vietsi Habeeb, 1955 
Range: Canada: New Brunswick (21) 
Habitat: Duck pond (21) 
Wettina primaria Marshall, 1929 
Range: Canada: Ontario (73) 
Habitat: River, 8 meters depth, 100 meters off-shore (73) 
Note: Known from a single & specimen (73) 
Axonopsidae 


Albia caerula Marshall, 1927 


Range: U.S.A.: Illinois, Louisiana, Wisconsin (85); Indiana (71); 


(69); Canada: Ontario (73) 
Note: Pale blue color (69) 
A. stationis Thon, 1899 
Range: U.S.A.: Michigan, Wisconsin (122) 
Africa (113); Europe (104) 
Axonopsis cullasaja Habeeb, 1957 
Range: U.S.A.: North Carolina (33) 
Habitat: Creck, river (33) 
A. pallida Habeeb, 1957 
Range: U.S.A.: North Carolina (33) 
Habitat: Creek (33) 
A. rivophila Habeeb, 1957 
Range: U.S.A.: North Carolina (33) 
Habitat: River (33) 
A. setoniensis Habeeb, 1953 
Range: U.S.A.: New Jersey (17) 
Habitat: Pond (17) 
Brachypoda cornipes Habeeb, 1956 
Range: Canada: New Brunswick (30) 
Habitat: Brook (30) 
B. pilositarsa (Habeeb, 1953) 


Range: U.S.A.: North Carolina (33); Canada: New Brunswick (17); Quebec (33) 


Habitat: Rivers (17) 
B. setosicauda Habeeb, 1953 
Range: U.S.A.: North Carolina (33); Canada: New Brunswick (17) 
Habitat: Rivers (17) 
Kalobrachypoda unguitarsa (Habeeb, 1953) 
Range: Canada: New Brunswick (17) 
Habitat: Pond, river (17) 
Ljania bipapillata pupurea Habeeb, 1953 
Range: Canada: New Brunswick (17) 
Habitat: Rivers (17) 
Neobrachypoda ekmani poweri Habeeb, 1957 
Range: Canada: Baffin Island, Quebec (Ungava) (31) 
Habitat: Lake and pond (31) 
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Aturidae 


Aturus acadiensis Habeeb, 1953 


Range: U.S.A.: Michigan (95); Canada: New Brunswick (17) 
amnigenus Mitchell, 1954 

Range: U.S.A.: Wisconsin (95) 

Habitat: Stream (95) 


. aulix Mitchell, 1954 


Range: U.S.A.: New Jersey (19); Pennsylvania, West Virginia (95); South 
Carolina (33) 


. canadensis Habeeb, 1953 


Range: U.S.A.: Georgia, New Jersey, North Carolina (33); Canada: New 
Brunswick (18); Quebec (33) 
Habitat: Brooks (18) 


. confederatus Habeeb, 1957 


Range: U.S.A.: Georgia (33) 
Habitat: Brook (33) 


. deceptor Habeeb, 1953 


Range: U.S.A.: Michigan, Pennsylvania (95); New Jersey (18); Canada: New 
Brunswick (18) 
Habitat: Brook, river (18) 


. desquamatus Mitchell, 1954 


Range: U.S.A.: Missouri (95) 
Habitat: River (95) 


. droueti Habeeb, 1953 


Range: Canada: New Brunswick (17) 
Habitat: Brooks (17) 


. ennishonensis Habeeb, 1953 


Range: U.S:A.: North Carolina (33) 
Habitat: Brooks (17) 


. estellae Habeeb, 1953 


Range: U.S.A.: Arkansas, Michigan, Missouri, New York, North Carolina (95); 
New Jersey (17); Canada: New Brunswick (17) 
Habitat: Brook (17) 


. formosus Habeeb, 1953 


Range: U.S.A.: New Jersey (17); North Carolina, South Carolina (95); Canada: 
New Brunswick (17) 
Habitat: Brook (17) 


A. hoplomachus Mitchell, 1954 


Range: US.A.: Michigan, New York (95) 


A. howellae Habeeb, 1957 


Range: U.S.A.: North Carolina (33) 


4. imitator Habeeb, 1954 


Range: U.S.A.: New Jersey (19); Canada: New Brunswick (19) 
Habitat: Brook (19) 


. interceptor Habeeb, 1954 


Range: U.S.A.: New Jersey (19) 
Habitat: Brook (19) 


A. intermedius Protz, 1900 


Range: ?U.S.A.: North Carolina (12) 
Europe (110) 
Habitat: River (12) 


. mirabilis Piersig, 1896 


Range: Canada: British Columbia (44) 
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A. montanus Habeeb, 1957 
Range: U.S.A.: North Carolina (33) 
Habitat: Brooklet (33) 
A. nelsoni Mitchell, 1954 
Range: U.S.A.: New Jersey (17); West Virginia (95) 
Habitat: Rocks and bottom in moving water (17) 
A. ortivus Habeeb, 1954 
Range: U.S.A.: New Jersey (19) 
Habitat: Brook (19) 
A. pellucidus Habeeb, 1954 
Range: U.S.A.: New Jersey (19) 
Habitat: Brook (19) 
A. projector Habeeb, 1953 
Range: U.S.A.: New Jersey (18); Canada: New Brunswick (18) 
Habitat: Brook (18) 
A. semilineatus Habeeb, 1953 
Range: U.S.A.: New York, North Carolina, Pennsylvania, Tennessee, West 
Virginia (95); Canada: New Brunswick (17) 
Habitat: Rocks and bottom in cool, moving water (17) 
A. subtusus Mitchell, 1954 
Range: U.S.A.: Michigan, New York (95) 
A. varus Habeeb, 1954 
Range: U.S.A.: New Jersey (19) 
Habitat: Brook (19) 
Kongsbergia brunnea Habeeb, 1957 
Range: U.S.A.: North Carolina (33a) 
Habitat: Brooklet (33a) 
K. paterna Habeeb, 1956 
Range: Canada: New Brunswick (28) 
Habitat: River (28) 
K. reticulata Habeeb, 1956 
Range: U.S.A.: New Jersey (28); North Carolina (33) 
Habitat: Brook (28); River (33) 
K. semiornata Habeeb, 1956 
Range: Canada: New Brunswick (28) 
Habitat: Brook (28) 


Mideidae 


Midea determina Marshall, 1929 

Range: Canada: British Columbia (73) 
M. expansa Marshall, 1940 

Range: U.S.A.: Wisconsin (85) 

Habitat: Lake (85) 

Note: Known from a single specimen (85) 


Momoniidae 


Stygomomonia moodyi Mitchell 1959 
Range: U.S.A.: Vermont (99b) 
Habitat: Gravel of cold stream (99b) 
S. riparia Habeeb, 1957 
Range: U.S.A.: Vermont(99b) Canada: New Brunswick (33) 
Habitat: Gravel bar (33) 
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Mideopsidae 


Horreolanus orphanus Mitchell, 1955 
Range: U.S.A.: Illinois (98) 
Habitat: Drainage tiles (98) 
Mideopsis americanus Marshall, 1940 
Range: U.S.A.: Illinois, Indiana, lowa, Michigan, Montana, Wisconsin (85); 
New Jersey (33b); Canada: British Columbia (85); New Brunswick (33b) 
Habitat: Lakes, to depth of 29 meters (85) 
Predator: ‘“‘Sucker’’ (85) 
M. fibrosa Lundblad, 1941 
Range: U.S.A.: Michigan (52) 
M. lamellipalpis Lundblad, 1941 
Range: U.S.A.: Wisconsin (52) 
M. orbicularis (Miller, 1776) 
Range: U.S.A.: California (85); Michigan, Wisconsin (69); Oregon (107); 
?Mexico: Yucatan (82); Canada: Ontario (44) 
Europe (104); Asia (107) 
Predators: Turtles (84) 
Note: Three subspecies from New Jersey, North Carolina and New Brunswick 
(33b) 
M. rosea Lundblad, 1941 
Range: U.S.A.: Wisconsin (52) 
Xystonotus aspera Wolcott, 1900 
Range: U.S.A.: lowa (67); Michigan (119) 
X. delicata Habeeb, 1954 
Range: Canada: New Brunswick (21) 
X. reelfootensis Hoff, 1944 
Range: U.S:A.: Tennessee (37) 
Habitat: In vegetation of lake (37) 
X. robustus Habeeb, 1954 
Range: U.S.A.: New Jersey (21) 
Habitat: Ponds, lake (21) 


Krendowskiidae 


Geayia ovata (Wolcott, 1900) 
Range: U.S.A.: Michigan (119); Wisconsin (85) 
Krendowskia convexa similis Viets, 1931 
Range: U.S.A.: Illinois, Indiana, Wisconsin (85); Michigan (122); 
South America (109) 
Habitat: Lakes, to depth of 15 meters (85) 
Predators: Turtles (84) 


Acalyptonotidae 


Acal yptonotus violaceus latus Habeeb, 1957 
Range: Canada: Baffin Island (31) 
Habitat: Lake (31) 


Athienemanniidae 


Athienemannia brunsoni Cook, 1955 
Range: U.S.A.: Montana (11) 
Habitat: Cold spring (11) 




























































Arrenurus (Arrenurus) americanus Marshall, 1908 
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Arrenuridae 


Range: U.S.A.: Illinois, Michigan, Nebraska, New Hampshire, New York, 
Wisconsin (56); lowa (62); Maine, New Jersey (59); Ohio (57); Oregon, 
Minnesota, Washington (48); Pennsylvania (11d); Tennessee (36); Canada: 
Ontario (57) 

Habitat: 10 to 29 meters depth (63); bladders of Utricularia (85) 


. (A.) americanus major Marshall, 1908 


Range: U.S.A.: Colorado (2); Illinois, Indiana, Louisiana, Michigan, Missouri, 
Nebraska, New Hampshire, Wisconsin (56); lowa (62); Kentucky (102); 
Maryland (59); New York (6); Tennessee (36); Canada: Ontario (62) 

Habitat: Lake at 9,000 ft. altitude (2) 

Parasitic stages and host: Larva and nymph on Ischnura posita (Hagen, 1861) (102); 
1. verticalis (Say, 1839) (99a) 


. (A.) americanus mucronatus Lavers, 1945 


Range: U.S.A.: Michigan (6); Washington (48) 
Habitat: Lakes (48) 


A. (A.) amplus Marshall, 1908 


Range: U.S.A.: Michigan (69); New Hampshire (56) 


Predators: Turtles 


. (A.) auricularus Lavers, 1945 


Range: U.S.A.: Washington (48) 
Habitat: Lakes, ponds (48) 


. (A.) auris Lavers, 1945 


Range: U.S.A.: Washington (48) 
Habitat: Ponds, pot holes (48) 


. (A.) bleptopetiolatus Cook, 1954 


Range: U.S.A.: Michigan (6) 
Habitat: Boggy lakes and weedy permanent ponds (6) 
Parasitic stage and host: Larva on Epicordulia princeps Hagen, 1861 (99a) 


. (A.) cascadensis Lavers, 1945 


Range: U.S.A.: Colorado (2); Washington (48); Canada: British Columbia (48) 
Habitat: Lakes at 3,000-5,000 ft. altitude (48); Lake at 8,470 ft. altitude (2) 


. (A.) compactilis Marshall, 1908 


Range: U.S.A.: lowa, Michigan (62); New Hampshire, Wisconsin (56) 
Habitat: Beach pools (69); permanent standing water, bog pond (6) 
Parasitic stage and host: Larva on Enallagma ebrium Hagen, 1861 (99a) 


. (A.) dentipetiolatus Marshall, 1908 


Range: U.S.A.: California, Oregon, Texas, Washington (48); Colorado (56); 
lowa (62); New Mexico (2) 
Habitat: Alkaline lakes (48); pond, pool (56); at 4,800 ft. altitude (2) 


. (A.) drepanophorus Cook, 1954 


Range: U.S.A.: Michigan (6) 
Habitat: Bog pools and semipermanent ponds (6) 


. (A.) falcicornis Marshall, 1908 


Range: U.S.A.: Indiana, Wisconsin (56); Michigan (85); New York (57); 
Tennessee (36) 
Habitat: Mill-pond, shallows (56); in vegetation (36) 


. (A.) fissicorniformis Cook, 1954 


Range: U.S.A.: Michigan (6); Tennessee (116a) 
Habitat: Weedy ponds, sand and marl-bottomed lakes (6) 
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1. (A.) fissicornis Marshall, 1908 
Range: U.S.A.: Michigan, Indiana (56); Iowa (62) 
Habitat: Weedy ponds, sand and marl-bottomed lakes (6) 
Parasitic stage and hosts: Larva on Libellula incesta Hagen, 1861, L. Juctuosa 
Burmeister, 1839, and Erythemis simplicicollis (Say, 1839) (99a) 
A. (A.) flabellifer Marshall, 1908 
Range: U.S.A.: Illinois, Missouri, Wisconsin (56); Michigan (6); Tennessee 
(116a) 
Habitat: Weedy areas of lakes (6) 
A. (A.) gennadus Cook, 1954 
Range: U.S.A.: Michigan (6); Tennessee (1 16a) 
Habitat: Sand and marl-bottomed lakes (6) 
A. (A.) hungerfordi Cook, 1954 
Range: U.S.A.: Michigan (6) 
Habitat: “clay pools’’ (6) 
A. (A.) interpositus Koenike, 1895 
Range: U.S.A.: Washington (48); Wyoming (56); Canada: Alberta (44) 
Habitat: Weedy pond (56); ponds and pot holes (48) 
Predators: Rainbow trout, (78) 
A. (A.) laticornis Marshall, 1908 
Range: U.S.A.: Illinois, Missouri, Wisconsin (56); Iowa (67); Michigan (84); 
Tennessee (36) 
Habitat: Artificial ponds (56) 
Predators: Turtles (84) 
A. (A.) lautus Koenike, 1895 
Range: U.S.A.: Michigan (6); Canada: Alberta (44) 
Habitat: Bog Pond (6) 
A. (A.) magnicaudatus Marshall, 1908 : 
Range: U.S.A. Illinois (59); Michigan, New Hampshire, Wisconsin (56) 
Habitat: Permanent standing water (6) 
A. (A.) maryellenae Cook, 1954 
Range: U.S.A.: Michigan (6) 
Habitat: Weedy environments (6) 
A. (A.) montifer (Marshall, 1908) 
Range: U.S.A.: Illinois (56) 
A. (A.) neosuperior Cook, 1954 
Range: U.S.A.: Michigan (6) 
Habitat: Shallow bog pools (6) 
Note: Synonymized with A. (A.) tetratumuli (99a) 
A. (A.) pinguisomus Cook, 1954 
Range: U.S.A.: Michigan (6) 
Habitat: Weedy permanent ponds, marl lakes (6) 
A. (A.) pistillatus Marshall, 1908 
Range: U.S.A.: California (56); Washington (48) 
Habitat: Quarry pool (56) 
A. (A.) planus Marshall, 1908 
Range:U.S.A.: Michigan (6); New Hampshire, Vermont (56) 
A.(A)platy-rotundo-cuspidator Miinchberg, 1951 
Range: U.S.A.: Kentucky (102) 
Parasitic stage and host: Larva on Pachydiplax longipennis (Burmeister, 1839) (102) 
A. (A.) pleopetiolatus Marshall, 1944 
Range: U.S.A.: Michigan (89) 
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A. (A.) pollictus Marshall, 1910 
Range: U.S.A.: Michigan (6); Wisconsin (57) 


Habitat: Ponds (85) 
Parasitic stage and hosts: Larva on Lestes disjunctus australisWalker, 1951; L. 


eurinus Say, 1839, and L. forcipatus Rambur, 1842 (99a) 
A. (A.) pseudosuperior Cook, 1954 
Range: U.S.A.: Michigan (6); Canada: Ontario (6) 
Habitat: Permanent standing water; sluggish streams (6) 
A. (A.) reflexus Marshall, 1908 

Range: U.S.A.: Michigan (6); New Hampshire, Vermont, Wisconsin (56); 
Ohio (85); Pennsylvania (11d); Washington (48) 

Habitat: Shallow permanent ponds (6); marshy sloughs (62) 

A. (A.) serratus Marshall, 1919 

Range: U.S.A.: Wisconsin (61); Canada: Ontario, Saskatchewan (73) 

Habitat: Lakes (61); river, 6-13 meters deep, 200-900 meters off-shore (73) 

Predators: Perch, whitefish (73) 

A. (A.) superior Marshall, 1908 
Range: U.S.A.: Indiana, Washington (48); Michigan, Wisconsin (56); New 
Hampshire, New York (85); Tennessee (116a) 
A. (A.) tacomaensis Marshall, 1924 
Range: U.S.A.: Oregon (48); Washington (65) 
Habitat: Lily pond (65); ponds, sloughs, marshes, pot holes (48) 
A. (A.) tetratumuli Minchberg, 1953 

Range: Canada: Ontario (103) 

Parasitic stage and hosts: Larva on Erythemis simplicicollis (Say, 1839), Pachydiplax 
longipennis (Burmeister, 1839), Ischnura_ verticalis Say, 1839, Enallagma 
carunculatum Morse, 1895, E. signatum Hagen, 1861 (103) 

Note: 3-81 mites per host (103) 

A. (A.) trifoliatus Marshall, 1908 
Range: U.S.A.: Illinois, Louisiana, Missouri, Nebraska (56); lowa (67); Ohio 
(92); Pennsylvania (11d); Tennessee (36); Wisconsin (62) 
Habitat: Marshy sloughs (62); ponds (85) 
4. (A.) uniprojectus Wilson, 1959 

Range: U.S.A.: Tennessee (1 16a) 

Habitat: Shallow areas of lake, heavy vegetation, Chara and water lilies (116a) 
A. (A.) ventropetiolatus Lavers, 1945 

Range: U.S.A.: Washington (48) 

Habitat: Ponds (48) 
A. (A.) wallensis Cook, 1954 

Range: U.S.A.: Michigan (6) 

Habitat: Weedy, peat-bottomed lakes (6) 

Parasitic stage and hosts: Larva on Celithemis eponina (Drury, 1773) and C. elisa 
(Hagen, 1861) 

A. (A.) wolcotti Marshall, 1908 
Range: U.S.A.: Colorado, Nebraska (56); Washington (48) 
Habitat: Pond (56); ponds and lakes (48) 

A. (Megaluracarus) apetiolatus (Piersig, 1904) 

Range: U.S.A.: Illinois, Louisiana, Michigan, Missouri, Nebraska, Wisconsin 
(56); lowa (62); New York, Ohio, Pennsylvania (57); Tennessee (36); 
Canada: Ontario (85) 
South America (111) 

Habitat: Ponds, lakes (56) 
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(M.) aphelocercus Lavers, 1945 
Range: U.S.A.: Washington (48) 
Habitat: Ponds (48) 


. (M.) bartonensis Cook, 1954 


Range: U.S.A.: Michigan (7); Tennessee (1 16a) 
Habitat: In beds of Chara and Marsilea (7) 


. (M). belonocercus Lavers, 1945 


Range: U.S.A.: Washington (48) 
Habitat: Seepage pools, streams (48) 


. (M.) birgei (Marshall, 1903) 


Range: U.S.A.: Illinois, Indiana, Louisiana, Michigan, Missouri, Nebraska (56); 
Iowa (62); Masschusetts, Wisconsin (54); New Jersey (59); Tennessee 
(36); Canada: Ontario (85) 

Central America: Haiti (51) 

Habitat: Ponds and lakes (56) 


. (M.) capillatus (Marshall, 1908) 


Range: U.S.A.: California (56); Oregon, Washington (48) 
Habitat: Lakes, sloughs, marshy areas (48) 


. (M.) cardiacus (Marshall, 1903) 


Range: U.S.A.: Michigan, Wisconsin (85); Tennessee (116a) 
Habitat: Lake (85); weedy, peat-bottomed backwater of river (7) 


. (M.) cornicularis (Marshall, 1908) 


Range: U.S.A.: Michigan (56) 


. (M.) dinotoformis Cook, 1954 


Range: U.S.A.: Michigan (7) 
Habitat: Temporary ponds (7) 


. (M.) elevatus (Marshall, 1914) 


Range: U.S.A.: Maine (59) 


Note: Known from a single specimen (59) 


4. (M.) elongatus (Marshall, 1924) 


Range: U.S.A.: Washington (48); Alaska: Sitka (65); Canada: British Columbia 
(73) 
Habitat: Boggy meadow (65); lakes, ponds (48) 


4. (M.) expansus (Marshall, 1908) 


Range: U.S.A.: Louisiana (56); Tennessee (36) 


. (M.) falcicaudatus Wilson, 1959 


Range: U.S.A.: Tennessee (1 16a) 
Habitat: In Chara and other vegetation in dammed creek (116a) 


. (M.) garmanyorum Habeeb, 1957 


Range: U.S.A.: North Carolina (33) 
Habitat: Pond (33) 


. (M.) invaginatus Lavers, 1945 


Range: U.S.A.: Washington (48) 
Habitat: Ponds, sloughs (48) 


. (M.) kincaidi Lavers, 1945 


Range: U.S.A.: Washington (48) 
Habitat: Lakes (48) 


A. (M.) krameri (Koenike, 1895) 


Range: U.S.A.: Oregon (56); Washington (48); Canada: Alberta (89); British 
Columbia (44) 
Habitat: Ponds, lakes, marsh, slough (48) 
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(M.) laversi Marshall, 1944 
Range: U.S.A.: Washington (89) 
Habitat: Ponds, streams, bog pools (48) 


. (M.) longicaudatus (Marshall, 1908) 


Range: U.S.A.: Michigan (7); New Hampshire (56); Wisconsin (85) 
Habitat: Sandy and peat-bottomed lakes (7) 


4. (M.) mamillanus (Marshall, 1908) 


Range: U.S.A.: New Hampshire (56) 
Note: Known from one specimen (56) 


4. (M.) manubriator (Marshall, 1903) 


Range: U.S.A.: Illinois, Indiana, Massachusetts, Michigan, Wisconsin (56); 
lowa (67); Ohio (57); Tennessee (116a); Canada: Ontario (62) 
Mexico: Guanajuato (56) 

Habitat: Standing water (7); surface to 10 meters depth (63) 

Predators: Turtles (84) 


. (M.) marshallae (Piersig, 1904) 


Range: U.S.A.: Arkansas, Ohio, Pennsylvania, Texas (57); Illinois, Indiana, 
Louisiana, Michigan, Missouri, Nebraska, New Hampshire, New Jersey, 
New York, Wisconsin (56); Iowa (62); Maine (59); Tennessee (36); 
Washington (48); Canada: Ontario (57) 

Habitat: Shallow water (85) 

Predators: Turtles (84) 


4. (M.) megalurus (Marshall, 1903) 


Range: U.S.A.: Illinois, Indiana, Louisiana, Maine, Michigan, Missouri, Ne- 
braska, New Hampshire, New Jersey (56); Iowa (67); Massachusetts, 
Wisconsin (54); Minnesota, W ashington (48); New York (57); Tennessee 
(36) 

Central America; Haiti (51); South America (111) 

Habitat: Lakes, ponds (56) 

Predators: Snapping turtles (84) 


. (M.) morrisoni (Marshall, 1904) 


Range: U.S.A.: Michigan (7); W: ashington (48); Wisconsin (55) 
Habitat: Water lily pond (55); lakes in mountain areas (48); bog lake (7) 


. (M.) neobirgei Cook, 1954 


Range: U 3. A.: Michigan (7) 
Habitat: Shallow weedy waters, temporary ponds (7) 


. (M.) neomamillanus Cook, 1954 


Range: U.S.A.: Michigan (7) 


Habitat: Temporary pond, swampy lake margin (7) 


. (M.) parallellatus (Marshall, 1903) 


Range: U.S.A.: Maine (59); Michigan, New Hampshire, Wisconsin (56); 
Massachusetts (54) 


. (M.) prominulus (Marshall, 1908) 


Range: U.S.A.: Colorado, Wyoming (2); Montana (75); Oregon (56); Wash- 
ington (48); Canada: Ontario (73) 

Habitat: Pond with much vegetation (56); lakes and ponds (48); 54% miles 
off-shore, 3 meters deep (73); lakes to 10,111 ft. altitude (2) 


4. (M.) pseudoaphelocercus Wilson, 1959 


Range: U.S.A.: Tennessee (116a) 
Habitat: In leaves and debris in roadside ditch filled with spring water (161a) 
Note: Known from two specimens (116a) 
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A. (M.) pseudocaudatus (Piersig, 1905) 


Range: U.S.A.: Michigan (56); Wisconsin (55) 
Habitat: Lakes (56) 


4. (M.) pseudoconicus (Piersig, 1905) 


Range: U.S.A.: Michigan (7); Wisconsin (85) 
Habitat: Lakes (85); peat and bottom detritus (7) 


. (M.) pseudocylindratus (Piersig, 1904) 


Range: U.S.A.: Indiana, Louisiana, Michigan, New Hampshire, Wisconsin, 
Wyoming (56); Tennessee (36) 

Habitat: Lakes (56); all types of permanent standing water except bogs (7) 

Predators: Turtles (84) 


. (M.) rawsoni (Marshall, 1929) 


Range: Canada: Ontario (73) 
Habitat: Lake (73) 


. (M.) rectangularis (Marshall, 1908) 


Range: U.S.A.: Massachusetts, Michigan (56); Wisconsin (85) 
Habitat: Lakes (56) 


. (M.) rheophilous Lavers, 1945 


Range: U.S.A.: Washington (48) 
Habitat: Slow stream (48) 


. (M.) rotundus (Marshall, 1908) 


Range: U.S.A.: Wisconsin (56) 
Habitat: Lakes (56); pool (57) 


. (M.) scutuliformis (Marshall, 1908) 


Range: U.S.A.: Maine (59); Michigan (56); Wisconsin (57) 
Habitat: Lakes (7) 


. (M.) semicircvlaris (Piersig, 1904) 


Range: U.S.A.: Massachusetts (54); Michigan, New Hampshire, Wisconsin 
(56); Tennessee (116a) 
Habitat: Lakes, pond (85) 


. (M.) siegasianus Habeeb, 1954 


Range: Canada: New Brunswick (21) 
Habitat: Duck pond (21) 


4. (M.) simulans (Marshall, 1921) 


Range: U.S.A.: Massachusetts (62) 
Habitat: Lake (62) 


4. (M.) solifer (Marshall, 1908) 


Range: U.S.A.: Michigan (7); New Hampshire (56); New York (57); Wiscon- 
sin (85) 
Habitat: Weedy, peat-bottomed lake (7) 


4. (M.) tahoei (Marshall, 1910) 


Range: U.S.A.: California (57) 
Note: Known from o specimen (57) 


. (M.) uniformis (Marshall, 1921) 


Range: Canada: Ontario (62) 
Habitat: Small lake (62) 


4. (M.) unisinuatus Wilson, 1959 


Range: U.S.A.: Tennessee (116a) 
Habitat: In leaves and debris along bank of small river (116a) 
Note: Known from two specimens (1 16a) 


. (M.) wardi (Marshall, 1940) 


Range: U.S.A.: Ulinois, Indiana, Wisconsin (85); Michigan (84) 
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Habitat: Lakes and ponds (85); to 3 meters depth in lakes (7) 
Predators: Turtles (84) 


4. (Micruracarus) acutus (Marshall, 1908) 


Range: U.S.A.: Michigan, Wisconsin (56); Tennessee (1 16a) 

Habitat: Lakes (56) 

. (M.) bicaudatus (Marshall, 1908) 

Range: U.S.A;: Indiana, Louisiana, Michigan (56); Wisconsin (57); Tennessee 
(116a) 

Habitat: Lakes (9) 


4. (M.) cheboyganensis Cook, 1955 


Range: U.S.A.: Michigan (9) 

Habitat: Shallow, weedy permanent ponds (9) 

. (M.) couleensis Lavers, 1945 

Range: U.S.A.: Washington (48) 

Habitat: Lakes (48) 

. (M.) crenellatus (Marshall, 1908) 

Range: U.S.A.: Maine (59); Michigan, New Hampshire, Wisconsin (56); 
Minnesota, Washington (48); Canada: Alberta (48) 

Habitat: Lakes (56) 

Predators: Turtles (84) 

. (M.) hiatocaudatus Cook, 1955 

Range: U.S.A.: Michigan (9) 

Habitat: Weedy, permanent ponds (9) 

. (M.) infundibularis (Marshall, 1908) 

Range: U.S.A.: Illinois, Indiana (85); Michigan, Missouri, Oregon, Wisconsin 
(56); Washington (48) 

Habitat: Lakes (56); Permanent ponds (9) 

Predators: Turtles (84) 

. (M.) laticaudatus (Marshall, 1908) 

Range: U.S.A.: Illinois (85); lowa (62); Michigan, Missouri, Wisconsin (56) 
Tennessee (36) 

Habitat: Lakes and permanent ponds (9) 

. (M.) lyriger (Marshall, 1908) 

Range: U.S.A.: lowa (62); Michigan, Missouri, New Hampshire, Wisconsin 
(56); Tennessee (1 16a) 

Habitat: Lakes and permanent ponds (9) 


4. (M.) muttkowskii Marshall, 1940 


Range: U.S.A.: lowa, Wisconsin (85); Tennessee (36) 
Habitat: Coontail beds (36); lakes (85) 


A. (M.) pseudosetiger (Marshall, 1921) 





Range: U.S.A.: Michigan (9); Wisconsin (57) 

Habitat: Lake (85); tamarack bog (9) 

. (M.) scutulatus (Marshall, 1908) 

Range: U.S.A.: Indiana (85); Maine, New Hampshire (9); Michigan, Wisconsin 
(56); Washington (48) 

Habitat: Lakes (56); surface to 10 meters depth (63) 

Predators: Turtles (84) 

. (M.) setiger (Koenike, 1895) 

Range: U.S.A.: Michigan, Wisconsin (56); Canada: Alberta (44) 

Habitat: Marl and peat-bottomed lakes, permanent ponds (9) 

. (Truncaturus) kenki Marshall, 1944 

Range: U.S.A.: Michigan (89) 

Habitat: Temporary pond (89) 
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A. (T.) lacrimatus Cook, 1955 


Range: U.S.A.: Michigan, Wyoming (9) 
Habitat: Temporary ponds (9) 
Predators: Fish (9) 


A. (T.) rufopyriformis Habeeb, 1954 


Lave 


_ 


nm 


10. 


— 


IIb. 


IIc. 


11d. 


. 
FS 


Range: U.S.A.: New Jersey (21) 

Habitat: Brook and adjacent swamp (21) 

rsia berulophila Cook, 1955 

Range: U.S.A.: Michigan (10) 

Habitat: Spring, in Nasturtium officinale Brown (10) 
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A Cartographic History of Spruce Budworm Outbreaks 


and Aerial Forest Spraying in the Atlantic Region of 
North America, 1949-1959' 


By F. E. Weze?’, J. R. Biais* ano R. W. Nasu* 


Foreword 


The spruce budworm (Choristoneura fumiferana (Clem.)) is a forest pest in 
all Canadian Provinces and Territories, and in the northeastern, midwest, and 
northwestern United States. It is by far the most destructive insect affecting 
the extensive balsam fir-spruce forest types in Ontario, Quebec, the Maritime 
Provinces, and Maine. Outbreaks of varying extent have been reported from 
these regions almost every year for the past half-century (deGryse, 1947). 
Periods in which outbreaks were particularly severe and widespread occurred 
from about 1909 to 1920 and in the 1940’s and 1950’s. In both periods, outbreaks 
showed a tendency to shift from west to east, intensifying first in parts of 
northern Ontario and Quebec and dying out in the Atlantic region south of the 
St. Lawrence River. 

The main purpose of this paper is to place on record a cartographic history 
of the most recent spruce budworm outbreak in the Atlantic region and of the 
spraying operations carried out from 1952 to 1958 in New Brunswick, in the 
Lower St. Lawrence-Gaspé areas of Quebec, and in northern Maine. Also 
presented in support of the maps are synopses of data relating to outbreak 
history, operational statistics, and assessments of immediate results. 


Previous Outbreak History 


The recurring nature of spruce budworm outbreaks and the importance of 
this native insect as a major factor influencing forest succession have been 
especially well recognized in the Atlantic region (Flieger, 1953; Morris, 1958). 
The history of previous outbreaks has been traced for almost 200 years and there 
is evidence that outbreaks have occurred in New Brunswick on five occasions in 
that time commencing about 1770, 1806, 1878, 1912 and 1949. It is in northern 
and central New Brunswick and adjacent parts of Quebec and northern Maine 
that this insect has reached its most critical economic importance. This is 
owing to the high preponderance of the most susceptible and vulnerable host, 
balsam fir, in the forest types of the region, and to the heavy dependence of the 
local economy on forest industries (W ebb, L. S./ 1958). 

Except for a localized infestation on Cape Breton Island from 1924 to 1927, 
the spruce budworm remained at an endemic level in the Atlantic region from 
the early 1920’s until the mid-1940’s. In 1945 slight increases were noted in the 
frequency with which the species occurred in Forest Insect Survey collections in 
northern Maine and northwestern New Brunswick. By the late 1940's specimens 
were being collected almost throughout the area of subsequent severe attack and 
in 1948, defoliation of about 30 to 60 per cent of the current foliage crop was 
mapped on an area of 100,000 acres close to the Canadian border in extreme 
northeastern Maine. The rise of the spruce budworm at this stage on the Can- 
adian side was somewhat obscured by a brief outbreak of the black-headed bud- 
worm, Acleris variana (Fern.), in the same host stands, beginning in 1947 and 
extending practically throughout northern New Brunswick and Maine and the 
Gaspé Peninsula in 1948. By 1949, however, this outbreak had ended over all of 


1Contribution No. 696, Forest Biology Division, Research Branch, Department of Agriculture, 
Ottawa, Canada. 
2Forest Biology Laboratory, Fredericton, N.B. 
8Forest Biology Laboratory, Quebec, P. 
4State entomologist, Maine Forest Service, Augusta, Me. 
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this area except parts of northwestern Maine without causing any tree mortality. 
The first moderate to severe attack (30 per cent or greater loss of the current 
foliage crop) attributable to the spruce budworm alone was mapped on areas of 
about 1000 square miles in New Brunswick and Quebec and about half that area 
in Maine (Table 1). 


Spraying Operations 


Aerial forest spray ing against this outbreak was first contemplated in Maine 
for 1951, but the project was dropped when later assessment surveys indicated the 
likelihood of reduced outbreak severity. Rapidly accumulating damage in the 
north-central highlands of New Brunswick, however, prompted the spraying of 
nearly 200,000 acres on the headwaters of the Southeast Upsalquitch River in 
1952 (Balch, 1952). This was carried out and financed jointly by the Province 
of New Brunswick and the New Brunswick International Paper Co. The first 
spraying in Quebec also occurred in 1952, when about 8000 acres of lighter 
attack were sprayed by the same company in the Caseault Forest Reserve, 
Causapscal Lake. Beginning i in 1953, operations in New Brunswick were carried 
out by a Crown Company, Forest Protection Ltd., representing the Province of 
New Brunswick and major member companies of the Pulp and Paper Industry 
of the Province. Two-thirds of the costs were shared between the Province and 
Industry; the remaining one-third was contributed by the Federal Government. 
Full-scale operations beginning in 1954 in Quebec were carried out by the 
Quebec Forest Industries Association, representing private industry. Costs 
were shared with the Quebec government (Coté, 1958). Operations in Maine in 
1954 and 1958 were organized by the Maine Forest Service. For the larger 
1958 operations costs were shared as follows: 37, per cent from each of private 
and State funds; 25 per cent from Federal funds. 

Operations in New Brunswick and Quebec were closely integrated under 
the direction of B. W. Flieger, Manager of Forest Protection Ltd. In years in 
which operations were carried out in both Provinces, differences in seasonal 
development allowed for the joint use of the same aircraft fleet. Operations 
began first in southern areas of early development in New Brunswick and were 
completed three weeks to a month later in the northern areas of high elevation 
in Quebec. Close collaboration also allowed for maximum utilization of key 
facilities and personnel and permitted the adoption of essentially identical tech- 
niques of application and timing (Webb, 1959; Blais and Martineau, 1960). 

Technical advice and assistance, hazard surveys, and assessment of biological 
results for the Canadian spraying operations were the responsibility of the Forest 
Biology Division, Canada Department of Agriculture. This work was under 
the immediate direction of F. E. Webb in New Brunswick and J. R. Blais in 
Quebec. R. W. Nash was chiefly responsible for both operational and biological 
phases of projects in Maine, with advice and assistance from Forest Protection 
Ltd. in operational phases and in collaboration with the U.S. Forest Service in 
technical and biological phases. 


Explanation of Maps and Tables 


Infestation boundaries shown on the accompanying maps were determined 
primarily from intensive ground defoliation surveys carried out in late summer 
and early fall along roads and trails. These were supplemented, in most years, 
in Maine, Quebec, and New Brunswick by extensive aerial surveys conducted in 
July and early August following the completion of larval feeding. “Moderate 
to severe” attack is defined as 30°, or greater loss of the current foliage crop. 
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From the air this degree of attack can generally be recognized when the char- 
acteristic reddish appearance of damaged foliage extends from the tip to the 
middle and lower sections of the tree crowns. “Light” attack was tallied from 
the ground where foliage loss of less than 30% could be detected from roadside 
observations and from the air where reddishness was restricted to the crown tip. 

Boundaries in New Brunswick and Quebec in most cases follow those shown 
on infestation maps published in the Annual Report of the Forest Insect and 
Disease Survey, Department of Agriculture, Ottawa. Certain revisions of some 
of the earlier maps have been made to ensure uniformity of assessment categories 
with subsequently standardized assessment criteria and to incorporate later 
evidence of undetected early damage in particularly inaccessible areas. 

Gross areas of “light” and “moderate to severe” attack from the beginning 
of the outbreak until 1959 are listed by provinces and state in Table I. Sprayed 
areas are included under the latter category w here this degree of attack would 
have occurred in the absence of spraying. Although infestation was remarkably 
uniform in the main outbreak areas in peak years, it should be pointed out that 
the generalized outbreak categories shown here include, along with this uniform 
condition, a more patchy and discontinuous condition occurring to some extent 
in early outbreak years and in fringe areas, but most particularly in years of 
outbreak decline. “This was especially evident in the Lower St. Lawrence- 
Gaspé areas in 1958 and in New Brunswick in 1959 where the attack occurring 
within the gross areas of moderate to severe attack consisted of relatively small, 
extensively scattered patches of severe feeding interspersed with small areas of 
light to nil attack. 

Data on operational aspects of spraying in Tables II and III were obtained 
chiefly from the records of Forest Protection Ltd. Annual summary reports on 
biological aspects of the Canadian spraying operations appear in the following 
issues of the Bi-Monthly Progress Report, Forest Biology Division, Department 
of Agriculture, Ottawa: New Brunswick Operations: 8(4), 1952; 9(5), 1953; 
10(1), 1954; 11(1), 1955; 12(2), 1956; 13(3), 1957; 14(3), 1958; 15(1), 1959; 
Quebec operations: 9(1), 1953; 11(1), 1955; 12(1), 1956; 12(2), 1956; 13(3), 
1957; 14(1), 1958; 14(6), 1958. Additional references to outbreak history and 
spraying results are listed under “References”. 

Table IV presents a synopsis of the immediate effectiveness of spraying 
operations in Quebec and New Brunswick in terms of per cent reduction of the 
budworm population and per cent of the current foliage crop preserved. These 
results are based on assessments of budworm survival and amount of defoliation 
in sprayed areas and in comparable unsprayed check areas. The data illustrate 
clearly that generally much higher spruce budworm populations prevailed in the 
central outbreak areas in New Brunswick than in the northern areas in Quebec. 
This helps to explain the necessity for respraying larger areas at shorter intervals 
in New Brunswick than in Quebec (Tables Il, III). “Table IV also illustrates the 
effects of variations in timing and dosage of applications (Webb, 1958). Spray- 
ing in New Brunswick in 1952 using 1 lb. of DDT in 1 U.S. gallon of oil solvent 
per acre applied relatively late in the feeding period achieved almost complete 
population reduction but very little preservation of foliage. Earlier timing and 
the partial use of a double application of % lb. DDT/'% gallon/acre in 1953 
resulted in good foliage protection and relatively high population reduction. 
The use of a single application at the ¥, lb./% gallon/ acre rate in all subsequent 
years, with careful timing, resulted in generally good foliage protection and 
population reduction in the general range of 80 to 90 per cent as compared to 
unsprayed checks. 
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Spraying in Maine was at the rate of 1 lb. DDT/1 gal. formulation/acre in 
both 1954 and 1958. Applications were made at a relatively advanced stage of 
larval development with the objective of maximum population reduction (Webb, 
1960). Assessments of results, based on comparisons between prespray and 
postspray larval counts on representative sample trees, showed population reduc- 
tions of 99.3 per cent in 1954 and 96 per cent in 1958. 


Outbreak Decline and Current Status 


The outbreak reached its maximum extent in the Atlantic region in 1956 
when nearly 62,000 square miles were affected by light or heavier attack (Table 
1). The peak | year of moderate to severe attack was reached in 1957 when some 
35,000 square miles were affected at this level of severity. The first signs of a 
general slackening in the outbreak came from egg surv eys carried out in the late 
summer of that year. As predicted by these surveys, total outbreak area in 1958 
was reduced by ‘nearly 40 per cent to ‘54,000 square miles and moderate to severe 
attack was reduced by 7 72 per cent to some 9,800 square miles. Continuation of 
the decline was again evident from 1958 egg surveys and by 1959 the total out- 
break area was reduced to less than one- quarter that of 1956. Moderate to severe 
attack was confined to relatively scattered patches in a gross area of about 6,200 
square miles, mostly in central New Brunswick and a small part of northeastern 
Maine. Aerial spray ing operations as a means of prev enting tree mortality were 
considered unnecessary for the first time in eight years. 

Egg surveys in 1959 revealed marked contrasts in outbreak trends. With 
continuing decline, populations reached endemic or near-endemic levels over 
most of the region, including areas of oldest attack in Quebec and northern New 
Brunswick and in peripheral areas of lighter and more recent attack in southern 
New Brunswick and the other Maritime Provinces. In contrast to this, sharp 
resurgence of populations occurred in areas of residual outbreak in central New 
Brunswick, northeastern Maine and in a small spot in Quebec close to the 
northwest corner of New Brunswick. Although not shown in the present paper 
practic: ally all of these areas of resurgence were sprayed in a resumption of the 
DDT aerial operations in 1960. 
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Name of Airstrip 


Budworm City 
Boston Brook 
Nictau 
Charlo 
Horne’s Gulch 
Rosehill 
Renous 
Sevogle 
Patapedia 
Cap Chat 
Laverendrye 
Nouvelle 
Farm Lake 
Juniper 
Taxes 
Dunphy 
Tabu 

Grog 
MacFarlane 
Lesseps 
Pabos 
Kesnac 
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APPENDIX 


List of Airstrips Constructed for Spraying 
Operations in New Brunswick and Quebec 


Province 
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Years in Use 





» So, oa ot, oe 


1952 54 

1953, ‘34, °S5, ‘36, ‘57, ‘38 
1953, ‘55, ‘M6, ‘37, ‘36 
1953, '55, 56, 57, 58 
1953, ‘33, ‘20, 34, 30 
1953, 54, '56, '57 
1954, '55, '57, ’58 
1954, '56, '57, 58 
1954, '56, '57 

2952, 30, St 

1955, 57 

a 

1955, '56, ’58 

1956, '57, '58 

1956, ’57, 58 

1956, '57 

1956, 57 

1957, ’58 

1957 

1957 

1957, ’58 

1959* 
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Map Code 


CONDAU EWN 


9 


*Built but not used for 1958 operations. Used for experimental spraying tests in 1959. 


List of Municipal Airports Used for Spraying Operations in New Brunswick, Quebec and Maine 


Name of Airport 


Matane 
Caribou 
Rimouski 
Gaspé 
Fredericton 


Province 


Que. 


Me. 


Que. 


~ 


N.B 


Que. 





Year Used 
1952 
1954, 1958 
1957, 1958 
1957, 1958 
1958 


Map Code 
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Influence of Various Numbers of Prey on Rate of Development, 
Oviposition, and Longevity of Typhlodromus pyri Scheuten 
(Acarina: Phytoseiidae) in the Laboratory’ 

By H. J. Herpert 


Research Station, Canada Department of Agriculture 
Kentville, Nova Scotia 


Introduction 


The predacious mites of the subfamily Phytoseiinae are common predators 
of the phytophagous mites in apple orchards in Nova Scotia. There is little 
information in the literature on the value of these predators in the control of 
phytophagous mites or on the food necessary for their dev elopment and repro- 
duction. Ballard (1953) found that at 78°F. at least two males of Tetranychus 
bimaculatus Har. were required daily by Typhlodromus fallacis (Garm.) to 
complete the protonymphal or the deutonymphal instar. The males and mated 
females consumed daily an average of 3.9 and 7.5 males respectively from the 
larval to the adult stage. Chant (1960) found that T. pyri required 25 larvae of 
Panonychus ulmi (Koch), during 26 days to complete development at 64°F. in 
the absence of plant material or free water. These authors did not study the 
effects of different amounts of food on the development of these two species of 
phytoseiids. 

Herbert (1956) found that increasing the food supply of the predacious mite, 
T. pyri, from 20 eggs of Tetranychus telarius L. to 40 per day had no effect on its 
longevity. It did, however, shorten the pre-oviposition period and increase the 
fecundity. The present paper reports on the effect of feeding varying numbers 
of larvae of the brown mite, Bryobia arborea M. & A., and the European red mite, 
Panonychus ulmi (Koch), to Typhylodromus pyri Scheuten on its development, 
oviposition, and longevity. 

Methods 


T. pyri has an egg, a larval, and two nymphal stages. Descendants of seven 
females that had overwintered under the bark scales on the trunk of an apple tree 
were used in this experiment. The females, on collection, were placed individu- 
ally in gelatin capsules at 65+-2°F. for egg laying and transferred to new capsules 
as each egg was laid as described by Herbert (1956). In this way a number of 
gelatin capsules containing individual larvae were obtained. These were divided 
into groups of 20 or more for the feeding treatments. 

Larvae of the brown mite and European red mite were used as prey. These 
were reared from overwintered eggs on apple branches brought into the labora- 
tory. Inthe feeding treatments 1, 2, 4, 8, 12 or 16 larvae per day were given. As 
the larvae of T. pyri do not feed the records were begun in the protonymphal 
stage. Each group of 20 larvae were divided according to sex at the deutonymphal 
stage. The individual T. pyri were transferred daily, with a camel hair brush, 
to a capsule containing a fresh food supply. The dev elopment and amounts of 
food consumed were recorded at this time. The results of the tests are based on 
those individuals (see Table 1) that completed their life cycle. This was taken 
as the time of death in the case of the adult males and death after oviposition in 
the case of the females. 

Results and Discussion 


The numbers of T. pyri completing their life cycles with the various levels 
of prey employed are given in Table I. Approximately 20 per cent of the indi- 


1Contribution No. 1004, Research Station, Research Branch, Canada Department of Agriculture, Kentville, 
Nova Scotia. 
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TABLE I 
Numbers of Typhlodromus pyri completing their life cycle when fed varying numbers of brown 
and European red mite larvae. 


No. of prey given per day 





1 2 4 8 12 16 
Brown mite as food 
Initial number of T. pyri 44 34 26 31 25 27 
Number completing life cycle: 
Males 5 14 13 6 5 8 
Females 11 14 8 18 17 14 
Total 16 28 21 24 22 22 
Percentage 36 82 81 77 88 82 
Red mite as food 
Initial number of T. pyri 23 24 29 27 22 24 
Number completing life cycle: 
Males 2 7 9 8 5 
Females 8 13 13 15 13 14 
Total 10 20 22 23 18 19 
Percentage 44 83 76 85 82 79 


viduals were lost or crushed in transferring to new gelatin capsules. When one 
larva of the brown mite or the European red mite was given daily only 36 and 44 
per cent respectively completed their life cycles. It can, therefore, be concluded 
that insufficient food was the major cause of this high mortality. 

The duration of the various developmental stages of T. pyri and the food 
consumed during each stage are given in Table II. 

Duration of the nymphal stages of T. pyri were similar whether larvae of the 
brown mite or the E uropean red mite were given as food. The ny mphal stages 
of both sexes were longest when the daily food supply was restricted to one larva 
of either prey. Increasing the daily food supply beyond two larvae had little 
effect. T. pyri lived longer ( (from hatching until death) when fed larvae of the 
brown mite than when fed those of the European red mite. In general the total 
length of life and the longevity of the adults appears to be shortest at the low and 
high rates of feeding. Females lived longer than males, averaging 107 days when 
fed the brown mite and 73 days when fed the E uropean red mite in contrast to 
57 days and 34 days respectiv ely for the males. 

The numbers of the brown mite consumed during the nymphal stage increased 
as the number of larvae given daily increased from one to 12 (Table II). Increasing 
the number to 16 caused little difference. The number of the European red mite 
consumed during this period increased as the numbers given daily increased from 
one to 16. It is not known whether the number consumed during the life cycle 
would have increased if the number given daily had been increased beyond this 
point. 

Consumption of available prey by T. pyri was practically complete at levels 
of one to four larvae per day. The number of prey consumed increased pro- 
gressively as the level of supply was increased above this point, but fell away from 
the total available. The males consumed daily 1.85 times and the females 1.3 
times as many larvae of the European red mite as of the brown mite. This might 
be expected since brown mite larvae are the larger of the two prey species. 
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TABLE III 


Durations of the pre-oviposition, oviposition, fecundity, and number of prey consumed by T. pyri 
when fed varving numbers of brown mite ‘and Europes red mite larvae. 





No. of prey given per day 


1 2 4 BS | 4&8 16 
Brown mite as food 
Pre-oviposition period: 
Duration 14 8 8 ~ 4 w 4 6 
Total prey consumed 15 14 26 a | @£ 51 
Daily prey consumed 1.0 1.8 3.2 6.2 10 8.5 
Oviposition period: 
Duration 46 82 77 56 sis. 
Total prey consumed 43 155 296 416 | 373 500 
Daily prey consumed 0.9 1.9 3.8 74° | 9.8 13.5 
Number eggs laid 5 16 28 on! 28 
European red mite as food 
Pre-oviposition period: 
Duration 10 8 5 7 6 5 
Total prey consumed 10 14 21 46 | 33 | 5% 
Daily prey consumed | 1.0 1.8 4.0 6.6 | 88 | 11.2 
Oviposition period: 
Duration 39 35 43 “a | # 34 
Total prey consumed 38 75 172 329 | 487 495 
Daily prey consumed 0.9 2.1 40 | 8.0 11.3 14.6 
Number of eggs laid 7 11 17 a i 2 tt. @ 


Pre-oviposition and Oviposition Periods 

The pre- oviposition period was longest when T. pyri was given one larva of 
either the browx mite or the European red mite per day (Table III). Increasing 
the number of brown mite larvae from eight to 16 and of the European red mite 
larvae from four to 16 reduced the pre-oviposition period very little. The ovi- 
position period ranged from 37 to 82 days when the females were fed brown mite 
larvae and from 34 to 43 days when fed E uropean red mite larvae. 

Fecundity increased as the number of mites given daily increased from one 
to four or eight. Increasing the number of prey to 16 caused little or no increase 
in the number of eggs laid. The numbers of prey consumed during the ov iposition 
period generally increased as the number of either prey given increased from one 
to 16. 


Relation to Field Conditions 

The results suggest that in the field the survival of T. pyri, the durations of 
the nymphal stages, pre-oviposition and oviposition periods, fecundity, and 
longevity would be affected by the number of prey present. If the phy tophagous 
mites were numerous, T. pyri would be able to increase rapidly in numbers and 
consume large numbers of prey. If the phytophagous mites were scarce, this 
predacious species would at least survive and reproduce. That longevity was 
generally shorter when the food was scarce than when it was abundant may be 
an important factor in accelerating the life-cycle under natural conditions and 
making these mites more important predators. 

It is difficult to say what actually takes place i in the field, but from observations 
made in apple orchards in Nova Scotia T. pyri may be found on apple trees when 
the density of phytophagous mites is extremely low; also, large numbers of this 
predator may be found when the prey species are very numerous. On July 15, 
1958, in one orchard in the Annapolis Valley B. arborea mites and eggs averaged 
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151 per leaf and T. pyri mites and eggs averaged 12. When T. pyri feeds on 
B. arborea the H-shaped intestine takes on a distinctive red color and on this date 
96 per cent of the females were brightly colored. 


Summary 

When Typhlodromus pyri Scheuten was reared individually at 65+2°F. 
gelatin capsules in the laboratory on 1, 2, 4, 8, 12, or 16 larvae of Bryobia ‘chines 
M. & A. or of Panonychus ula (Koch) daily, the nymphs took the longest time 
to develop and the females laid the fewest eggs when they were given only one 
larva of either species. The duration of the nymphal stage decreased and the 
number of eggs laid increased as the prey given daily was increased from one to 
four; there was little difference when these were increased to eight or more. 
The duration of the nymphal stages and the numbers of eggs laid were similar 
when B. arborea and P. ulmi were fed. 

T. pyri lived longer and the total number of prey consumed was greater when 
B. arborea was fed than when P. ulmi was fed. The average daily number of prey 
consumed was the same for the two prey species when one, two or four were 
given daily; but when the numbers were increased to eight, 12, or 16, T. pyri 
consumed fewer of B. arborea than of P. ulmi. The longevity was shortest when 
one, 12, or 16 larvae of either species was given. 
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The Life History of Ips pini (Say) (Coleoptera: Scolytidae)’ 
By J. B. THomas? 


Introduction 

The pine engraver, Ips pini (Say), is one of the most common bark beetles 
found in pine and spruce in eastern Canada. Clemens (1916) studied its biology 
in New York State, and more recently, Reid (1955) reported the seasonal 
development of this beetle in Alberta. Prebble (1933) discussed the larval 
dev elopment at Fredericton, N.B., and I have listed the associates of this species 
found in red and white pine seing slash in western Quebec (Thomas, 1955). 
Leach, Orr and Christensen (1934) and Orr (1935) discussed the association of 
this bark beetle with blue- -staining fungi in red pine logs in Minnesota. Most of 
the observations reported in this paper concern the life history of I. pini in jack 
pine at Black Sturgeon Lake in northwestern Ontario from 1952 to 1960. Sup- 
plementary observations were also made on the seasonal development of this 
insect in red pine in southern Ontario in 1956 and 1957, and in white pine at 
Laniel, Quebec, in 1951 


Methods 
Sections of recently-cut logs were exposed to attack from overwintered 
beetles emerging in the spring. The attacked logs were numbered and placed in 


1Contribution No. 697, Forest Biology Division, Department of Forestry, Ottawa, Ontario. 
2Forest Insect Laboratory, Sault Ste. Marie, Ontario. 
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screened cages, and the progress of the attacks was observed by removing a small 
section of bark every few days. Fresh logs were placed in the cages to provide 
material for the parent beetles to attack after constructing their first brood 
gallery. Logs were then moved from one cage to another and fresh material 
added as required. Frequent checks were made of slash in the immediate 
vicinity of the cages at Black Sturgeon Lake to compare the rate of development 
under natural conditions with that in the caged logs. Details of the construction 
of the galleries, oviposition, copulation, etc., were obtained by removing a piece 
of bark containing a fresh attack and placing it between two sheets of glass, 
10 x 12 inches, held firmly together with strips of masking tape. Absorbent 
cotton was packed around the edges of the bark and dampened occasionally to 
retain the moisture. 


Life History and Habits 


Hibernation. 

Clemens (1916) reported that in the vicinity of Ithaca, New York State, 
|. pini hibernated in the bark of pine trees as adults and possibly in the larval and 
pupal stages as well. Studies of this bark beetle made in Minnesota by Leach, 
Orr and Christensen (1934), and Orr (1935), showed that no stages of this insect 
could overwinter successfully in the bark. Reid (1955) stated that whether 
adults overwintered under the bark or in the duff depended on their degree of 
maturity. These studies and my own in the Black Sturgeon Lake area indicate 
that, in a northern climate, adults of J. pini usually leave the logs in the fall and 
overwinter in the ground. Larvae, pupae and callow adults rarely survived the 
winter under the bark at Black Sturgeon Lake. 

The dates of the first emergence of overwintered adults at Black Sturgeon 

Lake from 1952 to 1960 ranged from May 4 to May. 21. During this period no 
beetles were ever found emerging before daily maximum air temperatures were 
consistently above 45°F, and emergence generally followed a period of approx- 
imately a week with maximum air temperatures above 55°F. 


Gallery Construction. 

Ordinarily, entrance holes are cut into brood logs by the males, which then 
proceed to hollow out the nuptial chambers, but females can bore into the bark 
for feeding purposes, although such attacks do not develop further. When the 
nuptial chamber is complete, the male is joined by one to eight females. In jack 
pine at Black Sturgeon Lake there was a range of one to six females per male in 
263 galleries examined (average 2.6 females per male), while in white pine at 
Laniel there was a range of one to eight females per male in 32 galleries (average 
4.4 females per male). 

The egg galleries made by the females radiate from the nuptial chamber, 
becoming more or less parallel to the grain of the wood. They are mostly in 
the phloem, scoring the sapwood only ‘slightly. The daily rate ‘of gallery con- 
struction calculated from the date of initial attack was 0.32 + 0.14 inches in jack 
pine. This figure may be conservative because only the date the entrance hole 
was made rather than the time a female joined the male was known. 


Egg. 

It was assumed by Clemens (1916) from indirect evidence that mating took 
place in the nuptial chamber, and this was confirmed in the present study by 
observing the beetles in bark between glass plates. Mating usually takes place 
at the junction of the egg gallery and nuptial chamber, the male assuming a 
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Fig. 1. Head width frequency distribution of 994 larvae of Ips pini collected at Black 
Sturgeon Lake. 


direction opposite to that of the female. Both beetles then turn on their sides 
so that the ventral surfaces of the posterior segments are in contact. Copulation 
lasts 20 to 30 seconds and is repeated at intervals during the egg-laying period. 
Repeated copulation is not essential, however, for, in some cases, the female con- 
tinues to lay fertile eggs after being isolated from the male by packed boring dust. 

The oviposition rate in jack pine was 2.24 + 1.37 eggs per day calculated 
from the date of initial attack. The eggs are white, smooth surfaced, about 0.034 
inches long by 0.022 inches wide. Hatching takes place in about six to ten days 
and extends over a considerable length of time depending upon how long the 
female takes to complete the gallery. 


Larva. 

The larval mines are more or less at right angles to the egg gallery, mostly in 
the phloem tissue. They averaged 0.96 + 0.43 inches long in white pine at 
Laniel based on 168 mines. 

The distribution of larvae by head capsule width plotted in Fig. 1 clearly 
indicates three instars. The range, mean width, and standard deviation obtained 
for each instar agree so closely with results obtained by Prebble (1933) in 
Fredericton, N.B., that the figures have been listed in Table I for comparison. 
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TABLE I 
Comparison of larval instar measurements at Black Sturgeon Lake, 
Ont. with those made by Prebble (1933) at Fredericton, N.B 








ist instar } 2nd instar 3rd instar 
Prebble Thomas Prebble Thomas Prebble Thomas 
Number of larvae 27 272 49 272 | 95 450 
Range in width of 0.41-0.48 | 0.40-0.52 | 0.56-0.66 | 0.53-0.70 | 0.75-0.92 | 0.71-0.90 
head capsule in mm. 
Mean head capsule 0.45 0.44 0.61 0.60 0.83 0.81 
width in mm. 
Standard Deviation 0.020 0.017 0.029 0.025 0.034 0.039 


The calculation of three instars in this study was substantiated by locating cast 
head capsules in the frass in the larval mines. Of 38 larval mines examined under 
the microscope, three head capsules were found in 30 mines, four in one mine, 
and two in the remaining seven. In the latter case, however, the position of the 
head capsules in the mine indicated that the other head capsule had in all prob- 
ability been missed. Reid (1955) also found that /. pini had three instars but his 
figure 5 indicates a slightly higher mean head capsule width for each instar. The 
first and second instar larvae account for 16 and 30 per cent respectively of the 
length of the mine. The final instar larva accounts for the remainder of the 
mine and constructs the pupal cell as well. 


Pupa. 

The larva makes a small cell at the end of the mine partly in the phloem and 
partly in the sapwood where it pupates. The pupal stage lasts from seven to 
ten days. ; 

Adult. 

The adult usually feeds for a time in the log in which it developed but may 
leave and invade new material for feeding or breeding purposes, depending on the 
time of year. Although this species is polygamous, more than one female being 
associated with each male in a brood gallery, the sex ratio of new adults is 1:1 
while they are still feeding and before they segregate into brood galleries. Two 
thousand new adults, collected from the bark while feeding, consisted of 981 
males and 1,019 females. The shift in sex ratio may be attributed to heavier 
predation of males while they are exposed in constructing the entrance hole. It 
was also noticed that many males are not joined by females in the nuptial chamber. 


Seasonal Development. 

1. pini usually has two generations a year in Ontario, the first consisting of 
two and sometimes three broods, and the second of one brood only. The 
seasonal development of this beetle at Black Sturgeon Lake in 1959 is outlined 
graphically in Fig. 2. Because it is the adult stage that is of prime importance 
in any control program, this only has been indicated by the horizontal bars in 
the graph. The vertical arrows indicate movement of the beetles, whereas the 
diagonal arrows associate the parent beetles with the resulting broods. 

The emergence of overwintering beetles and subsequent attack on suitable 
breeding material is usually of short duration. It began on May 18 and was 
virtually complete by June 4, the first new adults from this attack appearing by 
June 26. The parent beetles emerged from the first breeding logs over the period 
June 8 to July 3 and produced a second brood by July 11. Whereas these two 
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Fig. 2. Seasonal development of Ips pini at Black Sturgeon Lake in 1959. (Adult stages 
only represented). 


attacks were readily traced to the parent beetles, the sequence of events became 
confused about mid-July. Some of the new adults resulting from the first two 
attacks of the parent beetles remained in the logs feeding until they left to 
hibernate. Many of the beetles, however, left the logs after feeding and attacked 
fresh material either for renewed feeding or to breed. This period of emergence 
was prolonged, beginning about July 7 and continuing at a fairly constant rate 
until mid-August when it gradually decreased. Only part of the second gen- 
eration reached the adult stage in time to hibernate successfully. The origin of 
the second generation was further confused by an ov erlapping of emergence 
times of a few of the original parent beetles and the new adults of broods 1 and 
2. Some galleries contained only new adults from broods 1 and 2, whereas 
others contained a mixture of these and original parent beetles. An attempt has 
been made to show this in Fig. 2. All the mature adults began to leave the logs 
by mid-September to hibernate in the ground. 

Observations on the seasonal development of |. pini at Angus, although 
incomplete, indicated that spring emergence of beetles in southern Ontario is a 
week to ten days earlier than in northern Ontario. This fact, together with 
warmer weather during a longer period in the fall, might enable a larger number 
of beetles in late broods to complete development. 


Analysis of Brood Size 


Progeny of broods 1 and 2 emerging after the early part of July may find 
that the original supply of slash and logs has either been totally used, or that it is 
unsuitable for further development. Unless logging or thinning operations have 
provided a fresh supply, the beetles are forced to attack living trees. This may 
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e TABLE II 
rhe regression of number of niches over gallery length for 
various broods of J. pini at Black Sturgeon Lake and Laniel. 


“see Regression r S.E. 
equation r 


Generation 1, Brood 1, 1958 Y =8.19X —1.345 0.889 0.016 
Generation 1, Brood 2, 1958 Y =8.12X +0.782 0.916 0.014 
Brood 1 and 2 combined, 1958 Y =8.22X —0.622 0.900 0.011 
Generation 2, Brood 1, 1958 Y =7.28X —1.424 0.797 0.048 
Generation 1, Brood 1, 1959 Y =7.56X +0.932 0.269 0.023 
Generation 1, Brood 1, 1951 

at Laniel Y =12.78X —3.44 0.766 0.047 


Note: The broods at Black Sturgeon Lake were in jack pine and in white pine at Laniel. 


well be the critical time for serious losses in the residual stand particularly if the 
trees have been adversely affected by drought or some other weakening agent. 

It was thought that ‘there might be a difference in the number of eggs laid by 
the parents of different broods, which would also have a bearing on the potential 
risk to a stand. The number of egg niches plotted over gallery length appeared 
to fit a linear relationship for broods 1 and 2, generation 1, and brood 1, gen- 
eration 2, in 1958, and brood 1, generation 1, in 1959. Regression lines for the 
number of niches per inch of gallery for these broods were almost peep pag and 
the equations for the lines with the r values and the standard error of r have 
been listed in Table II. The means of the number of niches per inch of ates 
for the different broods at Black Sturgeon Lake were compared by Student's “t” 
test and found not significantly different. The data were therefore grouped to 

calculate a mean of 7.41 niches per inch. 

Similar data were available for this species breeding in white pine at Laniel 
and a regression of number of niches over gallery ‘length was calculated. The 
data fitted a linear relationship once again, but the slope of the line differed from 
the Black Sturgeon Lake data. The equation for the line has been included in 
Table II and the line plotted in Fig. 3, with a line calculated from the combined 
data for broods one and two in 1958 at Black Sturgeon Lake. The mean number 
of niches per inch of gallery for the brood in white pine at Lanicl, was 11.81. 
The difference between the means for Black Sturgeon Lake and Laniel was sig- 
nificant at the one per cent level, which raises the question of why there should 
be a difference. A difference in the brood size of this species in different hosts 
could have a significant effect on population levels, particularly in plantation 
thinnings. This point is perhaps worth further investigation. 

Generally there is little cause for concern about the activities of these beetles 
under natural forest conditions where there is usually an abundance of breeding 
material to absorb the population. Furthermore, damage to pulpwood and saw- 
logs is negligible in comparison to that caused by deep- -boring beetles. Whereas 
a fairly high beetle population can be tolerated under these conditions, the same 
degree of tolerance cannot alw rays be accepted in the case of a plantation. A 
small population of I. pini may remain more or less static in an undisturbed 
plantation, breeding in the limited food available. Thinning operations, how- 
ever, suddenly provide an abundance of breeding material promoting a rapid in- 
crease in the number of beetles. Unlike a natural forest with normal tree 
mortality, blow down, and frequent logging operations, a continuous supply of 
waste material is rarely available in a plantation with only infrequent thinning. 
If the slash and wood from the first thinning is totally occupied by the expanding 
population, there is a strong possibility that living trees will be attacked by sub- 
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Fig. 3. Regression of number of egg niches over gallery length of Ips pini in jack pine 
at Black Sturgeon Lake and in white pine at Laniel. 


sequent broods of beetles. Any condition unfavourable to maintaining the vigour 
of the trees, such as a period of drought, will increase the danger of attack. 
Plans for thinning operations should be made w ith an awareness of these dangers. 
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Behaviour of an Insect on an Electrically Charged Surface 
By M. G. Maw 


Entomology Research Institute for Biological Control, Research Branch 
Canada Department of Agriculture, Belleville, Ontario, Canada 


Introduction 


It is well known that living plants possess electrical potentials and radiate 
electrostatic fields (Lund, 1929a, 1929b; Burr, 1945; Dewey, 1956; Maund and 
Chalmers, 1960). Additional charges are added to the plants by raindrops and 
by splashings from soil, dust, and insecticidal sprays. The followi ing is a report 
on experiments to show whether charged surfaces influence insect movements. 


Materials and Methods 

The insect species used in these studies was Itoplectis conquisitor (Say), 
mated and 10 to 15 days old. The insects were housed in a lucite plastic box 
with inside measurements of 17 in. by 15 in. by 2 in. with a smooth plastic bottom 
and a removable glass top. On each side eight %-inch round holes covered by 
a fine silk screen admitted air to this chamber. The chamber was held inside ‘a 
double-walled, grounded, copper screened “universe” from which it was insulated 
by 2-inch cubes of dry hardwood placed under each of its four corners, 

The electrostatic energy was produced by a high-voltage direct current 
generator, with reversible polarity (model PN-30, “Spellman High Voltage 
Company, Bronx 67, N.Y.). A charge was placed on the plastic floor of the 
chamber by stroking it with the bare end of the high-voltage output cable. 
Areas of lesser isopotentials paralleled the primary charge and decreased in value 
with the distance from it. Because the plastic is a nonconductor, the charged 
areas on it remsined more or less well defined (Fig. 1A). To eliminate any 
effect of light intensity or gradient on the insects’ orientation, the charged area 
was made in a zig-zag pattern. A sheet of squared paper was fixed to the under- 
side of the plastic floor to facilitate the plotting of the insects’ movements. This 
had the added advantage of providing the insects with an opaque substrate upon 
which to walk. 

Ten females were released along one inside edge of the chamber. The strong 
phototropic response of the insects was utilized by placing a 25-watt yellow 
incandescent bulb outside the chamber and opposite the release point to ‘attract 
the insect across the charged portion of the chamber floor. Continuous observa- 
tions were made and the approximate positions of the insects were plotted every 
minute on squared paper. During the test the temperature was maintained at 
74°F. and the humidity at 56 per cent. The experiment was conducted 20 times, 
10 with positive and 10 with negative electrical polarity, and the dots in the 
figure (Fig. 1B- K) represent an average distribution of the insects in space 
and time. 

Observations 

In all control tests, the insects crossed the chamber toward the light in less 
than one minute when there was no charge on the plastic; the shortest time taken 
for all the insects to gather near the light was 25 seconds. Some of them flew 
the entire distance, many others part of the way. 

When the floor of the cage was charged the insects moved rapidly toward 
the light until they reached the vicinity of the 30-volt isopotential. This stage 
was completed i in less than one minute. An av erage of one minute elapsed before 
the forward movement was retarded by the 40-volt isopotential area (Fig. 1B). 
Further progress was comparativ ely slow and was accompanied by much turning 
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Fig. 1A. Three-dimensional distribution of the potential in the plastic cage showing the 
100V, 50V, 40V and 30V isopotential areas. Fig. 1B-1K. The average positions of ten 
female Itoplectis conquisitor (Say) as they moved across the potential gradient toward a 
light source, closed dots being the relative positions of the insects and the open dots the 


starting points. 
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and tapping of the surface with antennae. The ye a impedance was around the 
100-volt isopotential where at least three minutes e lapsed before many passed this 
isopotential (Fig. 1D, FE, F). After passing this barrier they moved rapidly to 
the area of the next 40-volt isopotential (Fig. 1H). The distance between the 
40 and 30 isopotentials was usually crossed in just under two minutes (Fig. 1J). 
When they had passed the 30- volt isopotential they moved quickly toward the 
light. None was observed to fly, few remained behind the others for any length 
of time, and very few failed to cross in under 15 minutes. Positive and negative 

charges produced comparable results. . 


Discussion 

The movements of the insects in the charged chamber indicated that they 
were strongly attracted to the light until they encountered the temporary barrier 
of the electrostatic field. They then remained in an area of approximately equal 
potential though still striving to move toward the light. Exploratory tapping of 
the antennae upon the surface of the charged plastic probably enabled the insects 
to pick up increasingly greater charges until they reached the area of the 100- 
volt isopotential. As they acquired a higher potential the potential of the sub- 
strate would have decreasing effects upon them because they would be 
approaching a condition of equalization. Only minute discharges could occur 
between their feet or antennae and the substrate when this condition was realized. 
But, as they passed over the 100- volt area they were again retarded in their 
forward progress. Here the temporary barriers were of decreasing potentials. 
Presumably the insects were at a relatively high potential and discharges would 
take place whenever they touched the surface which was now at a relatively 
lower potential. 

Because none of the insects flew while in the charged chamber it might be 
assumed that in some way the electrical field at very ‘low intensities was pre- 
venting flight. Other studies (Maw, in preparation) showed that insects in 
flight appear to be more sensitive to electrical fields than are walking adults or 
crawling larvae. No adverse effects on the insects were detected with the 
voltages used as they lived and oviposited normally afterwards. 

The high potentials required to act as barriers to w alking or craw ling insects 
make them “impractical for field work. But the relatively small potentials that 
seem to inhibit flights may be important in determining flight activity and 
patterns and thus in ‘regulating the distribution of the insects. 


Summary 
Electrical charges placed upon plastic over which adult female Itoplectis 
conquisitor (Say) were made to walk appeared to be temporary barriers to the 
insects’ movements but the potential difference required to impede the insects 
when walking was much greater than normally found under natural conditions. 
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Features of the Lodgepole Needle Miner Parasite 
Complex in California 


By Avian D. TeLrorp 


Department of Biological Control, University of California, Albany 


Introduction 


In the vicinity of Tuolumne Meadows, Yosemite National Park, California, 
an outbreak of the lodgepole needle miner, Evagora milleri (Busck), (new 
combination, Freeman 1960 = Recurvaria milleri Busck — Lepidoptera: 
Gelechiidae), continues unabated subsequent to its discovery in 1947. Although 
the outbreak is the third in this area since 1940, factors causing periodic increases 
and declines of E. milleri have not been determined. Climatic changes were 
found to have initiated and terminated an outbreak of an allied species, Evagora 
starki (Freeman), (new combination, Freeman 1960 = Recurvaria_starki 
Freeman), on lodgepole pine in Canada (Stark 1959). However, an apparently 
sustained favorable climate at Yosemite, while perhaps capable of encouraging 
needle miner outbreaks cannot, as yet, be held responsible for their declines in 
this region. 

The problem of periodic and prolonged needle miner outbreaks in Yosemite 
National Park has stimulated greater interest in the pest’s ecology and within the 
past two years a more concentrated investigation of its natural enemy complex 
has been under w ay. This investigation and those of predecessors disclose that 
at least twenty parasites s attack E. milleri (Patterson 1921, Yuill 1939, Struble and 
Bedard 1958, Struble and Martignoni 1959). Current knowledge indicates that 
certain of these parasites have ‘the capacity to reduce the needle miner to a 
non-outbreak status, yet, they have been unable to overtake and suppress their host 
in the characteristic manner. As a consequence of this circumstance a major 
portion of the parasite research is now directed toward answering the question, 
“How, in an apparently amenable climate, can Evagora milleri escape reg- 
ulation by biotic agents of mortality for prolonged periods of time?” 

As an approach to the problem, two alternative hypotheses have been made. 
First, that such outbreaks are normal and usual events in an ecosystem dominated 
by lodgepole pine. Thus a characteristic density of the defoliator may not 
exist, rather, a situation depicted by extreme population oscillations might prevail. 
Should this be true, natural enemies would not act in a regulatory sense with 
respect to needle miner population density. Second, it may be hypothesized 
that Evagora outbreaks are not customary in an ecosystem dominated by 
lodgepole pine. Thus, under amenable climatic conditions some factor or factors 
other than meteorological phenomena limit the usual ability of natural enemies 
to regulate needle miner populations at suboutbreak densities. 

With respect to the Yosemite outbreaks, evidence at hand supports the 
second assumption (Telford 1961). Although outbreaks of Evagora have 
been reported from other regions throughout the range of lodgepole pine, they 
have not been as severe nor are they known to have recurred with such regularity 
and tenacity. Ecological conditions at Tuolumne Meadows appear to be such 
that a more stable biotic community also might be expected in that region 
(Telford 1961). 

Historical information concerning the extant outbreak and its forerunners 
is limited and, therefore, offers little toward a solution of the problem. How- 
ever, it was Yuill’s supposition that the sudden decline of a previous infestation 
could be attributed to parasitism (Yuill 1938, 1939). Struble and Martignoni 
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(1959) remark that, “The existence of a wide range of entomophagous insects 
and disease among needle miner populations in the Yosemite National Park 
suggests the possibility of biological contro] of this pest”. Yet, after fourteen 
years of defoliation, parasite induced mortality of the needle miner remains 
below fifty per cent (Struble 1958, Struble and “Martignoni 1959). 

Two years of parasite investigations at Tuolumne Meadows supplemented 
by observations of a less extensive Evagora infestation nearby, provide a pos- 
sible clue to the cause of natural- -enemy inefficiency against the needle miner. 
On the strength of empirical evidence, there is reason to believe that hy per- 
parasitism, at least in part, prevents primary parasites of the needle miner from 
more nearly achieving their potential regulatory capacity. Before the influence 
of hyperparasitism can be discussed, however, it is first necessary to point out 
some important features of Evagora’s primary parasite complex. 


The Relationship Between E. milleri and its six 
Most Common Primary Parasites 

Of at least twenty species of primary parasites, six have attacked the needle 
miner rather consistently. Hy pothetically, the complementary action of these 
six parasites alone could reduce Ev agora to a non- -outbreak status. At present, 
the six most effective primary parasites of the needle miner are: 

1. Copidosoma deceptor Miller (Encyrtidae) 

Apanteles californicus ronwtect (Braconidae) 
Dicladocerus sp. A (Eulophidae) 

Sympiesis stigmatipennis Girault (Eulophidae) 
Zagrammosoma americanum Girault (Eulophidae) 
Aethecerus pinifolii Mason (Ichneumonidae ) 

‘Although the intricate relationships between Evagora, its parasites and the 
ecosystem as a whole are not thoroughly understood, certain salient features of 
this ‘complex can be analyzed. Initially, consideration should be given to the 
fact that the needle miner requires two years to complete a single generation. 
In California, needle miner generations have been discrete — overlapping gen- 
erations have never been reported. Hence, many of the larval parasites and the 
pupal parasites, by necessity, are asynchronous with, and not specific to, this 
host. Copidosoma deceptor and Apanteles californicus, however, are host 
synchronized. By virtue of this characteristic, their consistent presence and 
their apparent modes of attack, these parasites seem most capable of reducing 
needle miner populations. The currently abundant eulophid larval parasites and 
Aethecerus, the ichneumonid pupal parasite, being asynchronous with E. milleri, 
7 be considered as less reliable supplements to the sy nchronized species. 

C. deceptor exhibits qualities which would appear to make it a highly 
desirable needle miner parasite. It is a polyembryonic species which rarely 
produces less than six progeny from a single egg and frequently gives rise to 
twice that number. Its efficiency is enhanced by a highly developed ability to 
locate its host. Despite its overt qualities, C. deceptor cannot overtake E. milleri 
because it is able to contact only a limited number of needle miner eggs. Under 
outbreak conditions Evagora females deposit clusters of eggs preferably in old 
mined out needles. Inasmuch as Copidosoma has never been observed ovipositing 
through the epidermis of the needle, it would appear that this parasite usually 
must enter the mined needle in order to attack Evagora eggs. When the 
entire egg cluser is accessible to the parasite, the peripheral eggs may be attacked, 
but they in turn may serve as a protective barrier for eggs w ithin the cluster. 
When the egg cluster blocks the needle mine, only the side of the cluster nearer 
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the mine entrance is accessible to Copidosoma. Consequently, despite Copido- 
soma’s ability to locate its host and despite its advantage of polyembryonic 
development, a percentage of Evagora eggs escape this parasite’s attacks no 
matter how abundant it appears to be. It should be pointed out here that another 
species of ae is also involved as a primary parasite of Evagora. This 
Copidosoma, sp. A, has a biology similar to that of C. deceptor but has been 
comparatively rare. 

[Throughout most of its developmental period C. deceptor is intrinsically 
inferior in cases of multiple parasitism involving external larval parasites. In its 
later stages, it also endures a high degree of hyperparasitization. However, its 
ability to increase poly embryonically seems to offset these disadvantages, or at 
least retard their ill effects in some measure. 

A panteles californicus, a solitary internal parasite, has been the least numerous 
of the six potentially effective parasites during the past two needle miner gen- 
erations at Yosemite. Yet, regardless of its current scarcity A. californicus 
might be a very important E vagora parasite. It is specific to the needle miner 
and is so highly synchronized that it is capable of delaying its host’s development 
during the ‘final instar (Telford 1961). Thus, Apanteles females occur in the 
field from a time when Evagora eggs are in a late stage of embryogeny until 
after the first instar miners have hatched and entered the needles. Attempts to 
observe oviposition with a very limited Apanteles stock were unsuccessful, con- 
sequently it has not been determined whether Evagora eggs or larvae are 
attacked (the latter seems more likely). However, should this parasite attack 
the young larvae, every potential host would be accessible to Apanteles females. 
It would be expected then that Apanteles might be able to overtake its host and 
could constitute a key factor in the natural control of the lodgepole needle miner. 

The eulophids, Dicladocerus sp. A, Sympiesis stigmatipennis and Zagram- 
mosoma americanum have been effective external larval parasites in recent needle 
miner generations during the second year of the host’s two year cycle. These 
species are comparatively rare on young Evagora larvae that have passed the 
first overwintering period of their cycle. Presumably, therefore, the eulophids 
do not parasitize first instar Evagora larvae and must overwinter on other 
more suitable hosts. The intensity of their attack on the later stages of 
Evagora is apparently dependent upon their reservoir populations on other 
hosts. Their presence and effectiveness is, therefore, affected by the availability 
of alternate hosts. This has been reflected in the unpredictable manner in w hich 
the relative abundance of these species has changed from generation to gen- 
eration of the needle miner. 

Dicladocerus and Sympiesis are strictly limited in their parasitic habit, 
having been recovered only as primary external larval parasites. Zagrammosoma 
americanum, on the other hand, is very versatile. Although it is cnn ye 
primary external larval parasite is may also attack Evagora pupae, and, 
secondary, it attacks Copidosoma and Apanteles. Under certain cavadhiannes 
is possible that the hy perparasitic habit of Z. americanum might tend to counter- 
act the benefit derived from its action as a pany parasite. 

The most consistently effective pupal parasite of the needle miner is 
Aethecerus pinifolii, Like the eulophid larvae parasites, Aethecerus is an asyn- 
chronous and non-specific solitary internal parasite, and must rely upon alternate 
hosts to maintain itself over the long period when Evagora pupae are not 
available. Its abundance has also been unpredictable during the period of 
investigation. 
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The Principal Hyperparasites 


Since the inception of these recent needle miner parasite investigations the 
occurrence of hyperparasitism has been uncommonly prevalent and, consequently, 
demanding of attention. Although the role of hyperparasites in the dynamics 
of Evagora and its natural enemies is very complex and requires more intensive 
study, initial observations warrant reporting at this time. 


The principal hyperparasites associated with Evagora milleri are: 
Amblymerus sp. A (Pteromalidae) 
Tetrastichus (probably) coerulescens Ashmead (Eulophidae) 
Tetrastichus sp. A (E ulophidae) 
Chrysocharis sp. A (Eulophidae) 
Zagrammosoma americanum Girault (Eulophidae) 


Amblymerus sp. A has been found to attack Copidosoma heavily and has 
been recovered from Aethecerus pinifolii and Apanteles californicus. A single 
female was reared apparently as a primary parasite of a Evagora larva. Dur- 
ing the investigation an overwhelming proportion of the Amblymerus sp. A 
recovered have been males. These have emerged from Copidosoma exclusively. 
Moreover, females of Amblymerus have never been recovered from Copidosoma. 
This phenomenon would seem to indicate a difference of host preference between 
mated and unmated females of Amblymerus sp. A, although other sex determining 
factors may be operating. To a lesser degree, this habit also has been displayed 
by three other pteromalid hyperparasites in the needle miner complex. These 
species are relatively rare and of undetermined taxonomic status, consequently 
they will not receive further attention here. 

Chrysocharis sp. A is a hyperparasite on Copidosoma, Apanteles and on 
Aethecerus the ichneumonid pupal parasite. Copidosoma is a primary source of 
males of this species; however, Aethecerus also occasionally serves as a host for 
Chrysocharis males. Although Chrysocharis sp. A is parasitic on Aethecerus, it 
frequently acts as a primary parasite of Evagora pupae. These observations 
would indicate that host selection or sex determination of this eulophid may be 
also influenced extrinsically. 

Two of the eulophid hyperparasites are evidently obligatory in their sec- 
ondary nature. Tetrastichus (prob.) coerulescens commonly attacks Copi- 
dosoma which hosts both sexes of the hyperparasite. T. coerulescens rarely has 
been reared from pupae of Zagrammosoma americanum. 

Tetrastichus sp., another apparently obligatory hy perparasite is similar in 
habit to T. coerulescens. It can become quite abundant but is only known from 
Copidosoma. 


Zagrammosoma americanum is unique in this complex because it acts as a 
hyperparasite as well as a primary parasite with equal facility. Subsequent to the 
emergence of Evagora moths, this species transfers from the primary to the 
secondary habit and attacks parasitized Evagora larvae remaining in the pine 
foliage. In this capacity, it attacks Copidosoma and Apanteles. Z. americanum 
also acts as a facultative tertiary parasite because it will attack Tetrastichus 
coerulescens, Tetrastichus sp. A and Chrysocharis sp. A in Evagora larvae 
originally mummified by Copidosoma. 


With the exception of Z. americanum, acting as a primary parasite, these 
hyperparasites are extremely rare during the first year of the two year Evagora 
cycle. Apparently, they are maintained principally on alternate hosts except 
for a rather limited period late in the needle miner life cycle. 
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The Role of Hyperparasitism in the Needle Miner Parasite Complex 


In ret rospect it is seen that of twenty or more primary Evagora parasites, 
at this time, six species, working together, seem capable of host reduction. Of 
these six, three eulophid larval parasites and an ichneumonid pupal parasite are 
influenced by the availability of alternate hosts. Consequently, the presence of 
effective numbers of these species is relatively fortuitous. In consideration of 
the potential reduction of the needle miner, the synchronized species, Copido- 
soma deceptor and Apanteles californicus should occur more consistently and 
perhaps with predictability. It is known that, although Copidosoma inflicts 
significant host mortality, it cannot bring about a decline of Evagora independ- 
ently because a proportion of its hosts are always inaccessible. Apan- 
teles, on the other hand, might have an unlimited capacity for Evagora 
reduction and regulation. Apanteles could constitute a key factor in the bi- 
ological control of the needle miner. Copidosoma could be a consistently 
reliable adjunct and the common non-specific parasites could be significant 
supplements. 

With respect to hyperparasitism the question arises, can secondary parasites 
so nullify the action of primary parasites of the lodgepole needle miner that they 
cannot bring about the decline of an outbreak population? The coincident 
occurrence of potentially effective primary parasites and an unusually prevalent 
hyperparasite complex in association with an outbreak population of E. milleri 
creates this possibility. On the strength of empirical evidence, it is felt that 
such a possibility should not be disregarded. 

How might these hyperparasites preclude efficacy by Evagora’s primary 
parasite complex? (Reference to Fig. 1, a diagram of needle miner-parasite- 
hyperparasite relationships may help to clarify the text to follow). On the 
whole, hyperparasite attacks on the non- specific primary parasites have been of 
little consequence. Currently, Copidosoma is heavily attacked by hyperparasites. 
However, probably because of its polyembryonic mode of development, this 
primary parasite has not yet been significantly reduced in abundance. Should 
environmental conditions remain favorable to the production of hyperparasites at 
times when Copidosoma is vulnerable to attack, this parasite might be subject to 
more severe losses. 

The fact that Copidosoma can endure heavy hyperparasite attacks and 
nevertheless tenaciously remain relatively abundant may be considered fortunate. 
Yet, conversely, this situation favors the maintenance of certain hyperparasites 
which attack other Evagora parasites. Copidosoma’s abundant production of 
Amblymerus Sp. A and Chrysocharis sp. A males favors the mating of females 
of these species which emerge from Apanteles and Aethecerus. The progeny 
of these mated females can then contain a favorable ratio of females which 
continue to take advantage of alternate hosts. Copidosoma also produces both 
sexes of Tetrastichus (prob.) coerulescens and Tetrastichus species A. In the 
presence of alternate hosts, then, Copidosoma helps these hyperparasites to bridge 
a difficult period in the Evagora cycle. A limited number of gross rearings 
have indicated that alternate hosts for certain parasites and hyperparasites of 
Evagora are available in lodgepole pine, red fir, juniper, aspen, willow, senecio 
and lupine. All of these are common members of the ecosystem under con- 
sideration. 

During the period of investigation Apanteles californicus has been the least 
abundant of the six principal primary parasites. As a consequence, the influence 
of hyperparasites on this perhaps key Evagora parasite is explained, in part, 
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Fig. 1. Evagora- ~parasite- hyperparasite relationships based on current knowledge of 
the recently prevalent species. Dotted lines depict unverified or incidental relationships. 


by circumstantial evidence. Apanteles has been most frequently parasitized by 
females of Amblymerus sp. A and less often by Zagrammosoma americanum 
and Chrysocharis sp A. 


It is noteworthy that Copidosoma has been the exclusive source of Ambly- 
merus sp A. males. Aethecerus as well as Apanteles have produced Amblymerus 
females but never males. The number of Amblymerus sp. A. females emerging 
from parasitized Evagora pupae have been few however, being grossly out- 
numbered by Chrysocharis sp. A. females, the principal Aethecerus parasite. 


Recent generations of the needle miner have produced an abundance of 
Amblymerus sp. A. males but comparatively few females of this secondary para- 
site. The abundance of these Amblymerus males can be attributed to the 
abundance of Copidosoma which is apparently either selected by unmated Ambly- 
merus females or permits only males of the hyperparasite to develop. Thus, it is 
certain that gravid Amblymerus females were relatively numerous at the time 
when Copidosoma and Apanteles were vulnerable to attack. It may be assumed, 
then, that the recent paucity of Amblymerus sp. A. females emerging from 
Evagora parasites is due either to a lack of mated Amblymerus females to ovi- 
posit in Evagora parasites or to a lack of suitable hosts (chiefly Apanteles) for 
Amblymerus femates. Should the latter case obtain, it is not unlikely that the 
present low density of Apanteles californicus has been caused, in part, by the 
hyperparasitization of Amblymerus sp. A. 


In this regard, reports of parasite abundance in former Evagora outbreaks 
and in the early years of the present one at Yosemite are of particular interest. 
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Patterson (1921), at the height of a previous outbreak, commented that 
parasitism accounted for only 12 per cent of Evagora’s mortality during a 
single generation. Copidosoma and Amblymerus (Euteles of Patterson) were 
then the most abundant parasites, with Apanteles indicated as fifth of seven 
common species. Yuill (1938, 1939), at the time of postulating an Evagora 
decline due to parasitism, found Apanteles to be the most abundant parasite. 
With reference to the current outbreak McLeod (1951), states that in 1949, 
Apanteles was most abundant and that Amblymerus held a second position. 
However, in 1951, a generation later, Amblymerus was reported as most 
abundant, with Apanteles as third. In light of present information, one is 
tempted to correlate the relative abundance of Apanteles and Amblymerus with 
the status of Evagora abundance at the times of these earlier reports. 

The versatility of Zagrammosoma americanum enables it to attack not only 
Evagora but other primary parasites as well. On moth emergence years Z. 
americanum is among the earliest to complete its development on Evagora 
larvae. Early emerging Zagrammosoma adults have the opportunity to become 
hyperparasitic on the other, less precocious, parasites, particularly Copidosoma 
and Apanteles. The fact that Z. americanum can occasionally produce sufficient 
numbers to find and parasitize low density Apanteles populations would tend to 
deter the increase and hence the efficacy of this species. Thereby, Zagram- 
mosoma americanum, and to a lesser degree Chrysocharis sp. A., might augment 
the suppression of Apanteles californicus by Amblymerus sp. A. females. 

Consequently, it would appear even more plausible to suspect that A pazteles 
californicus might be a key factor in the biological control of the lodgepole 
needle miner at Yosemite National Park. Indeed, the relative abundance of 
Apanteles in the Evagora parasite complex might serve as an index to the 
trend of the biological control of its defoliator host. Whenever Apanteles should 
be released from an unfavorable biotic environment a decline of the lodgepole 
needie miner might follow. 


A General Discussion of Hyperparasitism 


The point of view that hyperparasitism may adversely affect the action of 
primary parasites seems to be a minority opinion. Hence, one is obliged to 
approach the subject cautiously. 

There are two major theories regarding the effects of hyperparasitism upon 
phytophagous insect populations. These are best abstracted from A. J. Nichol- 
son (1933). Briefly they are: (1) In general, hyperparasites produce little effect 
upon the densities of phytophagous hosts. When hyperparasites cause a decrease 
in effectiveness of one primary parasite, it is compensated for by the increase in 
effectiveness of another primary parasite. (2) Hyperparasites can destroy a 
sufficient number of primary parasites to release a phytophagous host from 
control by primary parasitism. The former has been favored by Nicholson and 
is more widely accepted by entomologists. 

Although hyperparasitism has been subjected to theoretical consideration and 
its occurrence has been reported frequently in entomological literature, 
comprehensive investigations of its role in actual parasite complexes are remark- 
ably few. Only two published works of this nature have been found. Blunk 
(1944), treats the parasite complex of Pieris brassicae L., with emphasis on the 
hyperparasitic species associated with Apanteles glomeratus L. (Subsequent 
publications of Blunk deal with parasite biologies as well as some general observa- 
tions concerning regulation of P. brassicae densities). Muesebeck and Dohanian 
(1927), give a detailed account of the parasites of Apanteles melanoscelus (Ratz.) 
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an imported parasite of the gypsy moth, Porthetria dispar L., in the United 
States. Proper (1934), supplements this work with a study of hyperparasitism 
associated with the gypsy moth, the brown-tailed moth, Nygmia phacorrhoea 
Don. and the satin moth, Stilpnotia salicis L. Contrary to the prevailing sen- 
timent, these authors judge the action of hyperparasites a deterrent to the 
efficiency of the primary parasites they investigated. Other authors, having 
made accurate, although, in the main, more empirical, observations of hyper- 
parasitism also conclude that secondary parasites hindered the biological control 
of phytophagous insects under the particular circumstances of their investigations. 
For a brief review, see Imms (1931), Sweetman (1958), which may be sup- 
plemented with Zwélfer and Kraus (1957), Carolin and Coulter (1958), 
Schlinger (1960). 

It is of particular significance that A. J. Nicholson has more recently 
broadened his point of view on insect hyperparasitism to some degree. He states 
(1960 in lit.) that “. . . the action of hyperparasites may cause the persistence of 
an outbreak which was initiated by some other cause. The argument is that 
many hyperparasites attack primary parasites only slightly when these are at a 
low level, but when there is an outbreak and parasites reach a high level, the 
hyperparasites become more effective and conceivably may so limit the numbers 
of primary parasites that these become incapable of overtaking their host popula- 
tion and so reducing the insect once more to a low level. This is certainly a 
possible situation . . .” Nicholson’s statement is, in part, based upon current 
unpublished data of R. L. Clark who has been investigating outbreaks of Cardia- 
spina, a psyllid pest of eucalyptus in Australia. Mr. Clark states, “My observa- 
tions on Cardiaspina indicate that hyperparasitism is one of several causes of 
outbreak persistence and may sometimes be important in outbreak develop- 
ment . . . However, the intensity of attack of these hyperparasites is influenced 
by many factors other than the density of Cardiaspina primary parasites and 
appears to lack the necessary properties for density governance”. (Nicholson, 
1960, personal correspondence). It should be pointed out that Clark’s 
observations do not preclude the possibility that hyperparasitism may temporarily 
nullify the efficacy of primary parasites. 

In light of the observations and deductions made concerning the lodgepole 
needle miner parasite complex and those of cited authors, perhaps, in accepting 
one of Nicholson’s original theories, there is no need to deny the verity of the 
other. It seems reasonable to assume that both may be acceptable. The applica- 
tion of one or the other of Nicholson’s theories would, of course, depend upon 
the nature of the host-parasite complex in question (e.g. single factor versus 
multiple factor parasite complexes) and upon the particular environmnetal 
conditions that affect these host-parasite complexes. 


Conclusions 


Recent investigation of the parasite complex of the lodgepole needle miner 
indicates that hyperparasitism may be a significant deterrent to efficacious action 
by primary parasites. Hyperparasites may, in part, be responsible for the 
persistence and severity of the current needle miner outbreak at Yosemite 
National Park. The effect of hyperparasitism is probably most severely felt by 
Apanteles californicus which could be a key factor in the biological control of the 
lodgepole needle miner. Because these hyperparasites are largely dependent upon 
fortuitous events in the ecosystem for the maintenance of large and host co- 
incident populations, their adverse affect on primary parasitization should 
eventually be interrupted by envrionmental conditions unfavorable to them. 
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Thus, it is possible that the action of primary parasites might eventually terminate 
the needle miner outbreak. 


The parasite complex of the lodgepole needle miner is extraordinary in 
character and provides a unique opportunity for testing these speculative con- 
clusions and for gaining fundamental information concerning host-parasite inter- 
actions, particularly those involving secondary parasitism, and their possible role 
in outbreak situations. 
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Scolytid Vectors of the Dutch Elm Disease in Ontario’ 
By W. Y. Watson? Ano W. L. Sippeti? 


Although many possible vectors of the Dutch elm disease, Ceratocystis ulmi 
(Buism.) C. Moreau, have been listed by Collins et al. (1936) and others, only 
two, Scolytus multistriatus (Marsh.), the European elm bark beetle, and Hylurgo- 
pinus rufipes (Eichh.), the native elm bark beetle, are known to transmit the 
disease with any regularity. In this capacity alone these two species of beetles 
are important pests of elm. The persistent spread of the Dutch elm disease in 
southern Ontario (Hord and Quirke, 1955) made it imperative that adequate 
surveys be maintained to indicate yearly changes in the occurrence of the intro- 
duced vector, and to ascertain more precisely the distribution of the native 
vector relative to the distribution of elm in Ontario. Consequently the Forest 
Insect Survey of the Forest Insect Laboratory, Sault Ste. Marie, intensified its 
elm bark beetle program in 1956, and from then to 1959, 138 positive samples 
of these two scolytid beetles have been received. An analysis of these records 
and their relationship to the current incidence of the Dutch elm disease in Ontario 
are presented in this paper. 

From 1956 to 1958 a trap-log system (Finnegan, R. J., Interim Rept., Forest 
Insect Laboratory, Sault Ste. Marie, Ont., 1955) was used for detecting the 
beetles. Two logs 36 inches long and from three to six inches in diameter were 
placed at each specified location either in the shade for H. rufipes or in the partial 
shade for S. mmiltistriatus. Each log was supported off the ground about one 
foot, and was placed in position by the first week in May. One log from each 
pair was peeled at the site at the end of June and the adult beetles were preserved. 
The second log’ was examined in the fall and the number of scolytid galleries 
were counted and identified. Although this method did yield some valuable 
information (Watson and Sippell, Interim Report, Forest Insect Laboratory, 
Sault Ste. Marie, Ont., 1959) negative returns from several locations where both 
species were known to have been present for some years indicated that this 
method was not entirely satisfactory. Hence in 1959 the trap- log method was 
abandoned in favour of sampling, wherever possible, dead and dying elm trees, 
elm logs, and tops of trees before these were cut up for firewood. When suitable 
sampling material was not available, permission was sought to fell a tree in early 
spring and, after leaving it through the summer, the bole was examined for 
signs of attack. Only when permission could not be obtained in a particularly 
important area was the trap-log method used. Adult beetles, larval samples, or 
pieces of wood and bark showing the distinctive galleries were used for recog- 
nizing the attacking beetles. 

A summary of collections received over a four-year period shown in Table I, 
illustrates the greater success achieved by the revised sampling method used in 
1959 with little more expenditure of time. 

H. rufipes is found commonly throughout southern Ontario (Fig. 1) south 
of a line joining the eastern extremity of Georgian Bay and Ottawa. The paucity 
of records from Lake Nipissing northward serves to indicate how uncommon the 
insect is in the northern areas. H. rufipes could not be found in northwestern 
Ontario where elm is present but scattered. 

S. multistriatus has been found throughout southwestern Ontario (Fig. 1) 
north as far as Elderslie Twp., Bruce County, in the Lake Huron-Georgian Bay 

1Contribution No. 689, Forest Biology Division, Research Branch, Department of Agriculture, Ottawa, 


Canada. , 
2Forest Insect Laboratory, Sault Ste. Marie, Ontario. 
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TABLE I 
Number of Elm Bark Beetle Samples Received by the Forest 
Insect Survey in Ontario. 1956-59. 


Year S. multistriatus H. rufipes 
1956 3 26 
1957 7 29 
1958 1 14 
1959 17 41 

28 110 


area some 120 miles north of Lake Erie. It also occurs in a narrow band along 
the north shore of Lake Ontario in the counties of Halton, York, Ontario, Dur- 
ham, and Northumberland. 

In Canada, S. mmultistriatus is recorded from Ontario (Finnegan, 1957), having 
spread rapidly from its original point of introduction around Windsor (Watson, 
1947). From its first discovery in 1946, the species by 1955 had spread inte 
Essex, Kent, Lambton, Middlesex, and Elgin counties, almost half w ay between 
Windsor and Lake Ontario ( (Sippell et al., 1955). In 1950a iy introduction 
was evident at Niagara Falls in Welland County (McGugan et al., 1950). From 
there the insect spread westward and by 1957 had merged with the Windsor 
populations which by this time had mov ved 80 miles northward and more than 
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& Scolytus multistriatus (Marsh.) 
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Fig. 1. Map of southern Ontario showing distribution of scolytid vectors of the Dutch 
elm disease. 
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125 miles eastward. By 1959 the advancing edge of the range of S. mmultistriatus 
lay about 150 miles north of its original point of introduction, through Bruce, 
Grey, Peel, and Dufferin counties and over 250 miles east in a prolonged salient 
along the north shore of Lake Ontario as far east as Cobourg. Whereas the 
spread of S. muultistriatus has been gradual but steady, the sudden increase in 
range shown in the 1959 records is mainly due to more effective survey methods. 

A comparison of the northern limit ‘of the distribution of Dutch elm disease 
(J. Reid, Forest Pathology Laboratory, Maple, Ont., in litt.) and its two scolytid 
vectors (Fig. 1) reveals several noteworthy points. South of Georgian Bay both 
species are distributed much beyond the known northern limit of the disease. 
Consequently, the disease can be expected to spread fairly rapidly through this 
part of southwestern Ontario, if indeed it has not already become established 
there. North of Lake Simcoe and in eastern Ontario, however, the disease is 
recorded beyond the range of the E uropean elm bark beetle and it is apparent 
that H. rufipes is the only active vector in these areas. This resembles the situa- 
tion in the Province of Quebec (Anonymous, 1957) and in New Brunswick. 

Meanwhile in extreme southwestern Ontario, where S. multistriatus was first 
introduced and where Dutch elm disease is rampant, this vector is by far the 
more prevalent and important. There H. rufipes is not nearly as common as it 
once was, having been replaced by the introduced vector, long recognized as the 
more aggressive ‘of the two species (Finnegan, 1955, op. cit.). 

It is evident from a broad comparison of the distribution of the disease and 
its vectors that in the northward spread of the Dutch elm disease H. riufipes is 
presently the more important vector. Furthermore, the results of surveys so 
far indicate that in Ontario the disease is generally spreading much faster than 
the introduced European vector since the discovery of both organisms in 1946. 
Should the disease spread farther northward into central Ontario, there is little 
doubt that the principal vector will be H. rufipes. 

Whereas the introduced vector has continued to spread northward and east- 
ward in southwestern Ontario, there has been very little change in the northern 
limit of its range along the north shore of Lake Ontario during the past four 
years. This is of particular interest in comparison with the “history of the 
E uropean pine shoot moth, Rhyacionia buoliana (Schiff.), another forest insect 
pest accidentally introduced into Canada about the same time. The northern 
limit of the latter’s range has become stabilized along the north shore of Lake 
Ontario between Kingston and Port Hope and extends from there westward to 
the southeastern tip of Georgian Bay. 
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A Note on the Life History of Cimberis elongatus (Lec.) 
(Coleoptera: Anthribidae)' 


By J. B. Tuomas? anp H. Herpy* 


Insect damage to jack pine shoots (Pinus banksiana Lamb.) in the Lake 
Nipigon region of Ontario was first reported by Thomas and Lindquist (1956). 
Since then, a study of insects infesting jack pine shoots has shown that a bark 
beetle, Conophthorus sp., has been chiefly responsible for shoot damage. A 
secondary borer, Cimberis elongatus (Lec.), was usually associated with the bark 
beetle, and because little has been published on the biology of any of the anthri- 
bids, the general life history of C. elongatus is outlined here. 

There is some confusion concerning a proper generic name for this insect 
but an adequate review of the validity of the genus lies outside the scope of 
this paper. There is also some disagreement about the position of the insect in 
the higher classification. Crowson (1944) believed that Cimberis and its relatives 
should be given family status and he accordingly placed them in the family 
Nemonychidae, superfamily Curculionoidea. However, Anderson (1947), who 
made a study of the larvae of the family Anthribidae, believed it was more 
satisfactory, on the basis of larval characters, to retain Cimberis in that family. 
For the purposes of this paper, Anderson’s opinion will be accepted. 

The adult beetles overwinter in the ground, emerging during May to feed 
on staminate flowers of jack pine. Shoots damaged by ‘Conophthorus sp. ap- 
peared to present ¢ good oviposition sites; On some trees as many as 60 per cent 
of the shoots killed by the bark beetles had been used for oviposition by the 
anthribid, while only about 40 per cent of the shoots dying from unknown causes 
had been utilized. In the latter case, the dying shoots frequently bore old 
staminate flower clusters, and these were gener rally used for oviposition. Eggs 
were also laid in shoots that had been artificially injured by girdling. It is clear, 
therefore, that association with the bark beetle is not obligatory, but rather that 
jack pine shoots damaged from any cause attract this beetle. In this paper, 
a ever, the seasonal history and habits of C. elongatus pertain to its development 
in shoots killed by the bark beetle. 

The eggs are white and elongate, 0.38 mm. wide (range 0.31-0.53) and 
0.96 mm. long (range 0.84-1.10). Shoots damaged by bark beetles fail to extend 
fully (Fig. 1) and the eggs are inserted between the bases of the fascicles that 
have not “spread out from the stem. They may also be laid between the scales 
enclosing the terminal bud. The incubation period for the eggs under insectary 
conditions is about one week. 

In order to obtain information on the fecundity of C. elongatus, overwinter- 
ing adults were placed in rearing jars immediately after emergence from the 
soil, Thirteen copulating pairs were removed to separate jars containing several 
jack pine shoots including a flowering shoot to provide food for the adults. 
Approximately 24 larvae (range 10-39) were obtained from each pair of beetles. 
Examination of 339 shoots in the field, however, revealed an average of only six 
larvae per shoot, indicating that the full complement of eggs is distributed among 
a number of shoots. It was also noted that the number of larvae recovered 
from each shoot kept decreasing as the season progressed. This can be attributed 
in part to parasitism and cannibalism, and to starvation from increased competition 
for a decreasing food supply. 


1Contribution No. 685, Forest Biology Division, Research Branch, Canada Agriculture, Ottawa, Canada. 
2, 3Forest Insect Laboratory, P.O. Box 490, Sault Ste. Marie, Ontario. 
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Figs. 1-3. 1. Terminal shoot killed by Conophthorus sp. providing a favourable site for 
oviposition of C. elongatus. 2. Larva of C. elongatus emerging from feeding in a needle 
fascicle of jack pine. 3. Larva of C. elongatus feeding in bud of jack pine. 


Newly-hatched larvae cut through the base of the fascicle sheath and feed 
on the enclosed needles (Fig. 2); more than one needle fascicle may be mined 
during the early larval period. The larvae then bore into the stem and feed 
internally, extending downward into the part of the stem occupied by the bark 
beetles. Larvae emerging from eggs laid in the bud, feed on the interior of the 
bud (Fig. 3) and then mine down the stem. E ventually only the outer shell of 
bark remains to support the shoot and many are broken off by the wind. Mature 
larvae begin dropping from the shoots about mid- August and burrow into the soil 
where they overwinter in small cells formed by compressing the surrounding 
soil. The majority of the larvae remain in the top three inches of mineral soil 
although a few specimens have been found at a depth up to seven inches in 
sandy soil. 

Observations in the field indicated that this insect spends up to 21 months 
in the soil, and this was verified by insectary observations. Mature larvae that 
had vacated shoots in August, 1958 were placed in a screened container which 
was then buried in the soil at the depth the larvae would normally overwinter, 
and left until the middle of May, 1959. Weekly checks started at that time 
revealed that pupation began during the third week of July, about the same time 
as pupae had been found under average overwintering conditions in previous 
years. Adults were found 15 to 20 days later at which time the box was re- 
moved from the soil and brought into the insectary, but no adult emergence had 
occurred up to mid-September. It is clear, therefore, that in the Lake Nipigon 
region at least C. elongatus spends two winters in the soil, the first as a mature 
larva, and the second as an adult. This behaviour explains the presence of adults 
so early in the spring. - 

A frequency distribution of the head capsule widths of 1428 larvae (Fig. 4) 
indicates four larval instars. The description of the larvae of the genus Cimberis 
(Anderson, 1947) was based on C. pilosus (Lec.), and the larva of C. elongatus 
generally agrees with this generic description. The first-instar larva of C. 
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PER CENT FREQUENCY 





0.22 0.34 0.46 0.58 0.70 0.82 0.94 1.06 
HEAD WIDTH IN MM. 


Fig. 4. Head width frequency distribution for C. elongatus (based on 1428 larvae). 


a also differs from the remainder of the instars as indicated by Anderson 
for C. pilosus. In addition to the differences noted by Anderson, there is also a 
marked reduction in the number of setae on the head and body, and the integu- 
ment is much more asperate than in other instars. 

When C. elongatus occurs in shoots killed by Conophthorus sp., some 
difficulty may be experienced in separating larvae of the two species, but there 
are good characters for easy separation of these species. Larvae of C. elongatus 
have many setae on the head and body that can be readily seen without magnifica- 
tion, while the setae on the bark beetle larvae are much fewer and relatively 
inconspicuous. Furthermore, the head of C. elongatus is a dark orange-brown 
and bears a black eyespot, whereas the bark-beetle larvae have amber- coloured 
head capsules and do not have an eyespot. 
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